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SECTION  I 

INTRODUCTION  AND  SUMMARY 

This  la  tha  first  annual  progress  report  for  the  JSEP  program 
In  the  Glnston  Laboratory  at  Stanford  University*  for  year  nunber  one 
of  the  current  three-year  cycle,  running  fron  1  April  1981  to  31  March 
1982.  The  research  activities  during  this  period  were  organized  into 
five  Work  Units,  as  outlined  in  our  original  proposal,  covering  the 
following  topics: 

Work  unit  #81-1.  Interactions  of  Acoustic  and  Optical  Waves 
With  Domains  in  Ferroic  fibers  and  Bulk  Materials,  by 
Professor  Bertram  A.  Auld. 

Work  Unit  #81-2.  Hiah-T/.  Joseohson  Junctions,  by  Professor 
Malcolm  R.  Beasley. 

Work  Unit  #81-3.  Optical  and  Nonlinear  Optical  Studies  of 
Single  Crystal  Fibers,  by  Professor  Robert  L.  Byer. 

Work  Unit  #81-4.  Applications  of  Integrated  Circuit  Tech- 
tology  to  Acoustic  Surface  Wave  Devices,  by  Professor  Gordon 
Kino. 

Work  Unit  #81-5.  Picosecond  Raman  Studies  of  Electronic 
Solids,  by  Professor  Anthony  E.  S legman. 

In  broad  terse,  this  has  been  a  productive  and  successful  year,  with 

various  of  these  Work  Units  operating  in  different  parts  of  the  typical 

research  project  cycle. 

In  thu  case  of  Work  Units  Nos.  3  and  5  (Byer  and  Siegman)  the 
year  has  been  one  primarily  of  apparatus  design  and  construction,  in 
preparation  for  significant  research  accomplishments  in  the  next  coming 
years.  Similarly  for  Work  Unit  #1  (Auld)  the  year's  efforts  have  gone 
toward  laying  theoretical  foundations,  as  well  as  preparing  experimental 
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apparatus,  for  studies  of  new  nonlinear  ferroalastic  materials. 
Professors  Beasley  and  Kino  (Work  Units  #2  and  #4) ,  in  a  somewhat 
later  phase  of  the  cycle,  have  been  collecting  the  benefits  of  earlier 
preparation,  and  producing  significant  advances  In  their  respective 
areas  of  high-temperature  Josephson  junction  technology  and  combined 
semiconductor  plus  SAW  technology. 

One  project  (Work  Unit  #4)  is  being  successfully  concluded  and 
replaced  by  a  new  direction  by  Professor  Kino.  Otherwise,  the  research 
activities  generally  followed  the  plans  laid  down  in  the  basic  three- 
year  proposal,  and  we  anticipate  a  productive  continuation  of  these 
activities  into  the  second  year. 


g* 


k-’t 


SECTION  II 


REVIEW  or  SIGNIFICANT  ACCOMPLISHMENTS 


A  brief  review  of  significant  accomplishments  during  the  past 
year  for  each  of  the  current  Work  Units  is  given  in  this  section. 

More  details  of  each  of  these  projects  will  be  found  in  the  longer 
Annuel  Progress  Reports  for  each  of  the  Work  Units,  which  follow  this 
section. 


Work  Unit  fit  Interactions  of  Acoustic  and  Optical  Waves  with  Domains 
in  Perrolc  Fibers  and  Bulk  Materials,  by  Professor  Auld. 

On  Professor  Auld's  project,  for  the  first  time  a  complete  basic 
analysis  and  classification  of  nonlinear  elasticity  in  proper  ferro- 
elestic  materials  has  been  completed  and  submitted  for  publication  in 
a  major  basic  physics  journal. 

Work  Unit  #2:  High-T*  Joeephson  Junctions,  by  Professor  Beasley. 

On  Professor  Beasley's  J8EP  project  the  application  of  step* 
edged  patterning  to  the  fabrication  of  high-Tc  superconducting  SNS 
microbridge  Josephaon  junctions  continues  to  represent  a  major  break* 
through  in  the  goal  of  a  high  operating  temperature  superconducting 
circuit  technology.  This  approach  has  now  been  successfully  applied 
with  NbjGe,  the  highest  transition  temperature  superconductor  known 
to  date.  In  addition,  dc  superconducting  quantum  interference  devices 
(l.e.,  dc  SQUID's)  made  with  these  functions  have  demonstrated  the  funda¬ 
mental  advantages  of  using  high-Tc  materials,  namely,  high  operating 
temperatures  and  potentially  superior  performance  at  low  temperatures. 
Specifically,  our  SQUID's  exhibit  useful  operating  characteristics  at 
temperatures  as  high  as  T  >  15K  and  nearly  quantum  limited  sensitivity 
at  2K. 
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Week  Unit  #3:  Optical  and  Konlin«*r  Optical  Studl—  of  Single  Crystal 
gibers.  by  Professor  Byer. 

On  Professor  Byer's  project  the  design  of  a  laser-heated 
crystal  growth  facility  to  produce  y— fly  •proved  single  crystal 
optical  fibers  has  been  cowpleted,  and  construction  of  this  growth 
apparatus  is  now  well  under  way. 

Bark  Unit  #4:  Applications  of  Integrated  Circuit  Technology  to  Acoustic 
Surface  Wave  Devices,  by  Professor  Kino. 

On  Professor  Kino's  project  the  aarrlage  of  silicon  integrated 
circuit  technology  and  surface  acoustic  wave  (SAW)  technology  has  been 
successfully  accomplished  with  the  construction  of  a  novel,  prosr— hie 
signal  processing  device  called  the  "SAWPET." 

Work  Unit  #5:  Picosecond  Pa— n  Studies  of  Electronic  Solids,  by 
Professor  Siegnan. 

On  Professor  Siegnan 's  project  a  Henan  spectrun  of  silicon  has 
been  taken  pftfosacond  laser  Pulses,  and  found  to  differ  significantly 

Bowen  spectra  on  the  sews  sawple. 


from  cw 


SECTION  III 


ANNUAL  PROGRESS  REPORTS 

«  > 

« 

Unit  8i-l 

NONLINEAR  INTERACTIONS  OF  ACOUSTIC  WAVES 
WITH  DOMAINS  IN  FERROIC  MATERIALS 
B.  A.  Auld 

(415)  497-OB64 

A.  Introduction 

Ferroic  materials  ( ferromagnetic ,  ferroelectric  and  ferroelastlc ) 
have  the  unique  property  of  exhibiting  swltchable  configurational  states 
with  distinct  macroscopic  material  properties.  These  states  are  not  only 
swltchable  but  also  have  a  latching  property,  or  memory.  That  is  to  say, 

*  once  the  naterlal  is  switched  It  remains  In  the  switched  state  until  fur- 

4  that  addressed  by  an  electric  or  mechanical  signal.  Furthermore,  differ¬ 

ent  regions  of  a  single  specimen  of  ferroic  material  may  be  In  different 
configurational  states.  These  regions  of  distinctly  different  configura¬ 
tional  states,  called  domains  exhibit  distinct  physical  properties  and  the 
boundaries  between  domains,  or  domain  walls,  are  therefore  surfaces  of 
abrupt  change  in  naterlal  properties.  The  existence  of  swltchable  and 
latching  boundaries  of  this  nature  provide  a  basis  for  a  variety  of  opti¬ 
cal  and  acoustical  devices  such  as  diffraction  and  phase  matching  gratings, 
directional  couplers,  filters  and  memory  stores.  The  goal  of  this  project 
la  to  study  the  nonlinear  interaction  of  acoustic  waves  with  domains  (pri¬ 
marily  in  ferroelastics  and  ferroelectrlc-ferroelastics)  with  a  view  to 
'  gaining  a  better  understanding  of  the  physics  involved  and  then  evaluating 

.  the  potential  of  such  materials  for  new  device  applications. 


-5- 


fits  general  research  plan  focuses  on  (1)  nonlinear  elastic  proper¬ 
ties  of  ferroelastic  materials,  particularly  the  influence  of  phase 
transitions  and  domain  walls  on  these  non linear it ie s ,  (2)  the  Influence 
of  domain  wall  structure  on  acoustic  harmonic  generation,  rectification 
and  parametric  processes,  and  (3)  interactions  of  domain  walls  with  static 
strains  generated  by  nonlinear  elastic  rectification  of  an  acoustic  wave. 
Except  for  gadolinium  molybdate  (GMO),  ferroelastic  crystals  are  not 
available  in  the  large  imperfection-free  samples  needed  in  the  standard 
traveling  wave  methods  used  for  measuring  third  order  elastic  constants. 

An  alternative  resonator  method  is  being  developed  for  second  harmonic 
and  rectification  measurements  in  small  thickness  mode  plate  resonators. 
Such  measurements  are  of  basic  importance  in  a  determination  of  the  fea¬ 
sibility  of  moving  ferroelastic  domain  walls  by  means  of  a  rectified 
acoustic  field  in  a  resonator. 

The  project  is  actively  correlated  with  the  National  Science  Founda¬ 
tion's  fiber  crystal  growth  program  at  the  Stanford  Center  for  Materials 
Research  (CM).  That  work  is  concerned  with  growth  of  all  types  of  single 
crystal  fibers  and  study  of  their  physical  properties.  —  optical,  elastic 
and  mechanical.  Of  particular  Interest  in  this  collaboration  is  the  growth 
of  ferroelectric  and  ferroelastic  crystal  fibers,  such  as  lithlia  niobate 
and  gadolinium  molybdate,  and  experimental  investigations  of  acoustic  wave 
propagation  and  ferroelastic  domain  wall  injection  in  fibers . 

With  regard  to  potential  device  applications  of  the  materials  and 
phenomena  under  study,  these  all  involve  the  use  of  periodic  arrays  of 
grating,  created  and  aligned  by  either  the  nonlinear  acoustic  method  re¬ 
ferred  to  above  or  electrical  poling  techniques  above  the  Curie  tempera¬ 
ture.  Specifically  of  interest  are  acousto-optic  diffraction  gratings  for 
signal  processing,  phase  matching  for  colllnear  phase  matched  optical  har¬ 
monic  generation  and  gratings  for  distributed  feedback  lasers. 


turner leal  estimates  were  made  of  the  third  order  constants  for  NPP,  one 
candidate  for  our  experimental  work. 

(li)  Measurement  of  Nonlinear  Elastic  Effects 

As  noted  in  the  Introduction,  measurement  of  third  order  elastic  con¬ 
stants  in  ferroelastics  by  second  harmonic  generation  is  made  more  diffi¬ 
cult  by  the  general  unavailability  of  high  quality  crystal  samples  of  suf¬ 
ficient  size  for  traveling  wave  measurements .  Because  of  this,  we  have 
been  developing  a  technique  for  measuring  these  constants  in  small  elastic 
resonators.  The  first  experiments  of  this  kind,  described  in  publication 
(l)  listed  at  the  end  of  this  report,  were  performed  on  the  length  exten- 
sional  mode  of  an  elastic  rod  at  low  frequency  («a  50  kHz).  In  this  geom¬ 
etry,  interpretation  of  the  results  is  made  difficult  by  the  complicated 
nature  of  the  mode  fields,  even  at  low  frequencies.  Another  disadvantage 
is  the  inconvenience  of  fabricating  rod  samples.  For  these  reasons,  we 
have  converted  to  small  plate  thickness  resonators  operating  near  10  MHz. 
Such  resonators  are  easy  to  fabricate  and  analyze,  even  in  the  low  crystal 
symmetries  typically  found  in  ferroelastic  compounds.  Since  an  important 
goal  of  our  investigation  is  nonlinear  generation  of  static  strains  capable 
of  displacing  ferroelastic  domain  walls,  we  must  fabricate  each  plate 
resonator  with  faces  parallel  to  an  appropriate  domain  wall  plane  in  the 
chosen  material  and  pick  a  resonant  mode  having  the  proper  strain  compo¬ 
nents  to  nonlinear ly  generate  the  desired  component  of  static  strain.  For 
such  crystal  orientations  the  modes  are  generally  neither  pure  longitudi¬ 
nal  nor  pure  transverse,  a  situation  not  previously  considered  in  elastic 
second  harmonic  generation.  The  problem  of  analysis  is  rather  involved 
but  can  be  treated  for  all  crystals  and  orientations  of  Interest,  as  il¬ 
lustrated  in  publication  (2)  listed  at  the  end  of  this  report.  In  highly 
anisotropic  materials  the  strength  of  the  second  harmonic  excitation  is 
given  by  a  combination  of  secot  .  and  third  order  elastic  constants,  from 


which  it  is  difficult  to  extract  the  constants  themselves.  However,  it 
can  be  shown  that  the  static  field  produced  by  rectification  has  a 
strength  determined  by  the  same  combination  of  constants  as  the  second 
harmonic.  This  means  that  the  desired  rectification  effect  is  measured 
directly,  giving  store  accuracy  than  an  individual  determination  and  com¬ 
bination  of  the  separate  constants  involved. 

The  laser  probe  elastic  second  harmonic  measurement  technique  re¬ 
ported  in  publication  (1)  provides  an  absolute  measurement  of  the  funda¬ 
mental  and  second  harmonic  amplitudes,  similar  to  that  performed  with  the 
conventional  capacitive  probe  technique,  but  in  a  geometry  more  suitable 
for  measurements  at  low  and  high  temperatures.  One  difficulty  in  using 
the  laser  probe  for  this  purpose  arises  from  the  fact  that  phase  modula¬ 
tion  of  the  laser  beam  by  the  fundamental  frequency  vibration  produces, 
itself,  second  harmonic  amplitude  modulation  sidebands.  These  must  be 
then  distinguished  from  the  phase  modulation  sidebands  generated  by  the 
second  harmonic  component  of  the  elastic  vibration.  In  the  publication 
cited,  this  separation  was  effected  by  imposing  a  second  phase  modulation 
on  the  laser  beam,  using  an  EO  modulator.  Frequency  mixing  in  the  photo¬ 
diode  subsequently  converted  the  desired  second  harmonic  phase  modulated 
sidebands  to  amplitude  modulated  sidebands  at  a  low  difference  frequency, 
and  the  undesired  amplitude  modulated  signal  to  a  difference  frequency 
phase  modulated  signal.  The  low  frequency  AM  sidebands  were  then  detected 
with  a  square  law  diode,  which  is  insensitive  to  the  phase  modulation. 

This  modulation  heterodyne  scheme  has  the  further  advantage  of  con¬ 
verting  the  fundamental  and  second  harmonic  elastic  vibration  signals  to 
a  nonharmonic  frequency  relationship,  eliminating  the  possibility  of  errors 
due  to  harmonic  generation  in  the  circuitry.  However,  its  implementation 
was  found  to  be  inconvenient  because  of  the  need  to  insert  an  EO  phase 
modulator  in  the  laser  beam,  and  a  new  all-electronic  system  was  devised. 
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As  it  finally  evolved,  this  system  passed  the  output  of  the  photodiode 
through  an  amplitude  modulator  to  provide  the  frequency -mixing  function 
described  above.  In  this  arrangement  the  desired  elastic  second  harmonic 
signal  remains  in  the  form  of  a  phase  modulation;  and  the  spurious  ampli¬ 
tude  modulated  second  harmonic  signal  is  stripped  off  with  a  hard  limiter, 
which  also  serves  to  reduce  plasma  oscillation  amplitude  noise  from  the 
laser.  Uith  these  new  improvements  the  system  has  proved  to  be  much 
easier  to  align,  more  stable,  and  less  noisy. 

Plans  call  for  the  new  probe  system  to  be  tested  for  accuracy  on  a 
variety  of  crystals  with  known  nonlinear  constants  (e.g.,  Y-cut  lithium 
niobate,  Z-cut  lithium  niobate,  Y-cut  quartz)  before  attempting  measure¬ 
ments  on  GMO  and  NPP.  The  electronics  will  also  be  modified  to  permit 
optical  measurement  of  the  rectification  effect. 

(ill)  Crystal  Growth  and  Material  Characterization 

The  crystal  growth  part  of  this  project  has  this  year  taken  the  form 
of  providing  same  financial  support  for  the  efforts  of  the  Crystal  Tech¬ 
nology  Group  (Dr.  R.  Feigelson)  to  grow  single  crystal  fibers  of  GMO. 

This  crystal  growth  activity,  performed  in  collaboration  with  the  NSF 
Fiber  Thrust  Program,  includes  fabrication  of  a  control led -atmosphere 
chamber  for  the  laser  melting  and  pulling  unit,  tests  performed  on  hot- 
pressed  powder  seeds  with  molybdenum  enrichment,  and  extensive  diagnostic 
tests  of  the  GMO  samples  produced. 

The  project  is  also  closely  linked  to  two  fiber  materials  character¬ 
ization  projects  under  the  NSF  Thrust  Program:  (1)  an  investigation  of 
fiber  acoustics,  designed  to  measure  fiber  elastic  properties  by  resonating 
short  lengths  of  fiber;  and  (2)  a  study  of  domains  in  ferroelastlc  fibers 
and  methods  for  mechanically  injecting  domains  into  a  fiber  in  a  controlled 


manner. 
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H1GH-TC  SUPERCONDUCTING  HEAK-LINK  JOSEPHSON  JUNCTIONS  AND  CIRCUITS 

N.  R.  Beasley 
(41 S)  497-1196 


A.  Research  Plan  and  Objectives 

The  underlying,  long-term  objective  of  this  program  Is  to  explore  the 
feasibility  of  h1gh-Tc  and/or  hard  Josephson  junction  superconducting  thln- 
fllm  circuits;  to  establish  the  relevant  physics,  fabrication  procedures, 
and  operating  characteristics  of  such  devices;  and  hopefully  to  lay  the 
ground  work  for  a  superconducting  Integrated  circuit  technology  based  on 
these  materials.  This  objective  requires  the  development  of  practical 
h1gh-T£  and/or  hard  Josephson  devices  and  also  the  passive  circuits  elements 
necessary  for  a  complete  circuit  technology,  Success  in  this  program  would 
lead  to  devices  capable  of  operating  at  substantially  higher  temperatures 
(MO-15  K)  and/or  more  rugged  circuits  resistant  to  damage  due  to  thermal 
cycling,  handling,  and  hostile  field  environments. 

Toward  this  general  objective,  we  have  been  developing  superconducting 
weak-llnk  (l.e.,  non- tunneling)  Josephson  junctions  using  refractory  and 
h1gh-Tc  superconducting  materials  and  by  necessity  thln-fllm  deposition, 
microlithography,  and  processing  technologies  suitable  for  such  materials. 
Specifically,  we  have  been  concentrating  our  efforts  on  the  A1 5- type  super¬ 
conductors,  for  example  NbjSn  (Tc  «  18  K)  and  Nb3Ge  (Tc  -  23  K)  with  related 
work  on  elemental  Nb(Tc  *  9  K)  In  order  to  more  easily  test  some  of  our 
fabrication  techniques. 

From  the  theoretical  point  of  view  when  considering  refractory  and 
Mgh-Tc  superconducting  materials,  the  most  attractive  type  of  weak-llnk 
Josephson  junctions  appear  to  be  planar  SNS  (superconductor/ normal  metal/ 
superconductor)  or  SSemIS  (superconductor/semiconductor/superconductor) 


bridges,  although  It  must  be  noted  that  granular  superconducting  weak  links 
do  show  Interesting  performance,  although  no  satisfactory  theoretical  explana¬ 
tions  have  yet  appeared.  In  this  program,  we  are  focusing  on  SNS  bridges. 
These  bridges  are  like  the  usual  SSS  superconducting  microbridges  but  where 
the  bridge  region  Itself  Is  a  normal  metal  while  the  banks  are  superconductors 
The  rationale  for  such  devices  is  that  by  making  the  bridge  region  Itself 
from  a  normal  metal  (e.g.,  Cu,  Au,  or  Ag)  one  can  circumvent  the  extremely 
small  (<  100  8)  bridge  dimensions  theoretically  required  to  obtain  ideal 
Josephson  behavior  In  a  totally  superconducting  high-T  bridge.  In  such  SNS 
bridges,  the  dimensions  need  only  be  submicron  and  ideal  Josephson  behavior 
should  be  available  over  the  entire  temperature  range  0  <  T  <  Tc  . 

To  achieve  such  structures  in  practice,  we  have  been  using  electron-beam 
evaporation  combined  with  "step-edge  patterning"  to  define  the  length  of  the 
bridge  as  illustrated  in  Fig.  1.  At  the  same  time,  we  have  been  developing 
theoretical  models  for  such  devices  based  on  the  Usadel,  Ginzburg-Landau  and 
Tlme-Dependent-Ginzburg-Landau  Theories  of  Superconductivity. 

B .  Progress  and  Accomplishments 

As  reported  last  year,  the  successful  Implementation  of  the  step-edge 
patterning,  approach  to  making  hlgh-T  SNS  microbridges  appears  to  have  solved 
the  two  basic  problems  we  had  previously  encountered  In  attempting  to  make 
such  devices.  First,  It  allows  the  fabrication  of  very  short  bridges  in  a 
controllable  way.  Second,  since  the  bridge  length  Is  defined  without  etching 
It  permits  one  to  put  the  normal  metal  on  top  where  It  can  be  deposited  on 
the  more  favorable  (upper)  surface  of  the  superconductor,  thus  avoiding  the 
deterioration  of  the  normal  metal  film  experienced  previously  when  it  was 
necessary  to  heat  the  film  to  high  temperatures  in  order  to  deposit  a  good 
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superconducting  film  on  top.  Moreover,  the  approach  Is  a  generic  one  and 
has  now  been  successfully  applied  to  Nb,  NbjSn  and  Nb3Ge.  The 
Nb^Ge/Cu/NbgGe  bridges  have  exhibited  well-defined  robust  Josephson  behavior 
from  2  K  up  to  16.5  K  -  our  best  result  to  date.  A  superconducting  quantum 
Interference  pattern  and  the  RF- Induced  AC  Josephson  steps  exhibited  by  one 
of  our  devices  at  15  K  are  shown  In  Fig.  2.  They  are  nearly  Ideal. 

During  the  past  year,  we  have  begun  to  Incorporate  these  devices  Into 
simple  circuits.  In  particular,  we  have  successfully  made  small  area  dc 
SQUID's  that  operate  from  2  to  16  K,  thus  demonstrating  the  viability  of  a 
high  operating  temperature  SQUID  technology  based  on  our  devices.  Input 
colls  have  not  yet  been  fabricated,  however.  Equally  Important,  we  have 
shown  that  these  SQUID's  also  hold  promise  for  being  superior  devices  at  low 
temperatures*  Specifically,  In  their  first  test  our  SQUID's  demonstrated 
noise  characteristics  nearly  as  good  as  the  best  reported  In  any  device.  As 
$een  In  the  Table,  at  2.2  K  the  energy  sensitivity  per  unit  bandwidth  of 
our  SQUID's  Is  ^  3h  where  h  Is  Planck's  constant.  In  short,  our  attempts 
to  Incorporate  the  h1gh-Tc  superconductors  In  Josephson  junction  devices 
appear  now  to  be  bearing  considerable  fruit.  Future  efforts  will  be  aimed  at 
fully  characterizing  these  devices  and  trying  to  Improve  their  basic  charac¬ 
teristics. 
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TABLE 


Noise  characteristics  of  a  dc  SQUID. 


FREQUENCY 

10  KHz 

100  KHz 

4.2  K 

16 

10 

TEMPERATURE  2.2  K 

3 

3 

1.8  K 

3 

All  measurements  are  in  units  of  h,  with  an  uncertainty  of  about  * 1 
Measurements  courtesy  of  R.  Koch,  University  of  California,  Berkeley. 
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OPTICAL  AND  NONLINEAR  OPTICAL  STUDIES 
OF  SINGLE  CRYSTAL  FIBERS 


R.L.  Byer 
(415)  497-0226 

This  project  Is  concerned  with  the  growth  of  single  crystal  fibers,  the 
evaluation  of  their  linear  and  non-linear  optical  properties,  and  the 
development  of  optical  and  nonlinear  optical  fiber  devices.  The  motivation 
for  this  study  Is  the  variety  of  applications  made  possible  by  the  unique 
combination  of  fiber  geometry  and  single  crystal  material  properties.  Our 
Interest  center  on  devices  that  take  advantage  of  the  enhanced  efficiency  of 
nonlinear  Interactions  In  guided  wave  geometries.  For  example,  our 
calculations  show  that  frequency  doubling  of  1.06  urn  In  a  5  cm  long  25  urn 
diameter  L1Nb03  fiber  would  proceed  with  50  times  the  efficiency  of  a  bulk  5 
cm  confocally  focused  Interaction.  The  Improvement  Is  even  more  striking  If 
the  potential  for  periodically  poling  LINbOj  fibers  Is  exploited.  If  such  a 
"quaslphasematchlng"  scheme  were  Implemented,  another  20  fold  Improvement  In 
efficiency  would  be  realized,  with  an  overall  100  X  enhancement  over  the  bulk 
Interaction. 

Recent  developments  In  crystal  growth  and  diode  laser  technology  have 
given  new  Impetus  to  our  efforts.  The  growth  of  "damage  free"  lithium 
nlobate1  greatly  enhances  the  possibilities  for  nonlinear  Interactions 
Involving  visible  wavelength.  Recently  demonstrated  100-200  mw  diode  lasers,2 
together  with  suitable  KNbOj  fibers,  would  constitute  small,  efficient  10  mu 
400  nm  sources  that  could  displace  He-Cd  lasers  In  many  applications.  These 
diode  lasers  are  also  attractive  as  pumps  for  cw  parametric  oscillators  and  as 
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sources  for  frequency  differing  to  produce  tunable  IR. 

While  we  have  enphaslzed  nonlinear  Interactions  In  this  discussion,  the 
potential  also  exists  for  Interesting  active  devices,  e.g.  Nd : YAG  fiber 
amplifiers  and  oscillators,  and  passive  devices,  e.g.  sapphire  IR  light 
guides. 

The  efficient  realization  of  these  sorts  of  devices,  particularly  those 
Involving  phase-matched  processes,  requires  the  growth  of  fibers  with  good 
optical  and  structural  uniformity.  Our  calculations  show  that  diameter 
variations  must  be  In  the  range  of  0.1  to  1%  for  fibers  to  be  useful  In 
typical  nonlinear  processes. 

The  focus  of  our  efforts  In  this  contract  period  has  been  the  design  and 
construction  of  fiber  growth  apparatus  capable  of  meeting  these  diameter 
control  criteria.  Our  short  term  goal  Is  the  completion  of  this  apparatus  and 
developing  the  techniques  necessary  to  grow  good  quality  fibers.  Once  we 
obtain  good  fibers  we  will  characterize  their  waveguldlng  properties,  and  then 
demonstrate  efficient  x(2)  and  x(3)  Interactions.  These  topics  are  discussed 
In  more  detail  In  the  remainder  of  this  report. 

PROGRESS  AND  ACCOMPLISHMENTS 

A.  Fiber  Growth 

In  past  reports  we  have  discussed  the  two  phases  of  our  effort  at 
Stanford  to  grow  high  quality  fibers.  A  first  generation  growth  apparatus  was 
completed  In  autumn  1980  by  a  group  under  R.S.  Felgelson  at  the  Center  for 
Material  Research.  Over  the  past  two  years  they  have  obtained  single  crystal 
fibers  of  a  variety  of  materials.  Including  L1Nb03,  A1203,  Nd : YAG ,  YIG, 
6d2(Mo04)3,  CaSc204  and  Y203:Eu.  The  major  problem  with  this  system  Is  the 


unacceptable  level  of  diameter  control  thus  far  obtained. 

Based  on  the  experience  gained  with  this  first  generation  device,  we  have 
designed  a  second  generation  system  Incorporating  a  number  of  significant 
Improvements.  While  we  are  continuing  to  cooperated  with  the  CMR  group  In 
correcting  the  problems  In  their  system,  we  have  focused  our  efforts  In  the 
past  year  on  the  design  and  construction  of  our  second  generation  apparatus. 

The  growth  technique  employed  in  both  systems  Is  miniature  pedestal 
growth.  The  tip  of  a  0.5  mm  diameter  source  rod  is  melted  with  a  focused  CO2 
laser.  A  seed  crystal  Is  dipped  Into  molten  lead,  then  withdrawn  at  a 
constant  rate  to  pull  the  fiber.  The  diameter  reduction  from  feed  rod  to 
fiber  Is  determined  by  the  ratio  of  (Mill  to  feed  rates. 

To  meet  the  stringent  uniformity  conditions  required  for  a  useful  fiber. 
It  Is  necessary  that  the  pull  and  feed  speeds,  the  laser  power  and  the 
position  and  size  of  the  focal  spot  all  be  accurately  controlled.  In 

1 

addition,  the  growth  zone  should  be  Isolated  from  perturbations  due  to  the 
ambient  conditions.  Figure  1  Is  a  block  diagram  of  the  system  we  have 
designated  to  meet  these  criteria. 

The  heat  source  Is  a  20  watt  waveguide  COg  laser  with  active  thermal 
cavity  stabilization.  The  laser  has  good  beam  pointing  stability  and  open 
loop  power  stability  In  a  1  Hz  bandwidth  of  ~  0.5%.  To  reduce  the  power 
fluctuations  by  another  order  of  magnitude  and  extend  the  control  bandwidth  to 
1  kHz,  we  monitor  ~  1%  of  laser  output  with  a  temperature  stabilized 
pyroelectric  detector,  and  feed  back  to  the  current  control  of  the  laser  power 
supply.  In  order  to  maintain  maximum  stability,  the  output  of  the  laser  Is 
maintained  at  a  constant  value  near  Its  maximum,  and  attenuated  externally  to 
the  power  necessary  for  growth. 


-  23  - 


To  achieve  a  uniform  temperature  around  the  circumference  of  the  molten 
zone,  the  laser  beam  should  be  brought  to  an  axially  symmetric  focus.  The 
length  of  the  molten  zone  should  be  on  the  order  of  a  fiber  diameter  for 
stable  growth.  Thus,  a  tight  focal  spot  Is  necessary  for  the  growth  of  small 
(~  25  urn  diameter)  fibers.  To  meet  these  criteria  we  have  designed  the  novel 
optical  system  shown  In  Fig.  2.  After  the  laser  beam  Is  expanded  to  22  mm 
diameter  with  a  conventional  Galilean  ZnSe  telescope,  It  Is  passed  through  a 
"refraxlcon"  and  formed  Into  a  75  nm  diameter  cylinder  with  11  mm  diameter 
walls.  This  cylinder  is  turned  vertical  with  a  flat  mirror  at  45°  to  the 
beam,  and  brought  to  a  near  diffraction  limited  focus  by  a  parabolic  mirror. 
All  the  optics  are  gold  coated  diamond  turned  OFHC  copper.  The  refraxlcon  Is 
an  Interesting  element.  In  that  the  Inner  and  outer  cones  must  be  centered  to 
better  than  a  wave  at  10.6  urn  for  good  performance.  Since  It  Is  not 
possible  to  manufacture  this  element  as  a  single  piece,  a  two  piece  design 
with  mating  surfaces  was  used  to  bring  the  centers  In  line  to  a  fraction  of  a 
wave. 

We  have  melted  fibers  with  this  optical  system  and  symmetrical  heating 
was  observed.  The  focal  spot  Is  less  than  100  urn,  the  resolution  of  the 
measurements  we  have  attempted  to  date.  These  optics  represent  a  significant 
advance  In  the  technology  of  axl symmetric  focusing,  and  may  have  an  Impact  In 
a  number  of  materials  processing  applications. 

The  fiber  drive  system  must  translate  the  fibers  at  an  accurately 

controlled  rate  and  maintain  the  transverse  position  of  the  fibers  by 

supporting  them  close  (~  1  cm)  to  the  melt  zone.  To  these  ends  we  have 
designed  a  belt  drive  system  which  slides  the  fiber  through  a  V-block  fixed 

close  to  the  melt  zone.  The  belt  Is  driven  by  encoded  D.C.  motors  phaselocked 

to  a  stable  oscillator.  We  have  built  a  working  version  of  this  system. 
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capable  of  withstanding  the  heat  near  the  molten  zone,  and  are  currently  fine 
tuning  It  with  various  combinations  of  belt  and  v-groove  materials  to  optimize 
stability. 

The  focusing  optics  and  fiber  drives  all  fit  Inside  an  8"  x  14"  enclosure 
fitted  with  0-rlng  seals  to  allow  the  Introduction  of  an  Inert  gas  or  oxygen 
environment  for  the  growth,  and  Isolate  the  melt  zone  from  the  Influence  of 
changes  In  ambient  conditions.  The  fiber  drives  can  be  adjusted  to  the  center 
of  the  fixed  focusing  system  by  means  of  the  motorized  x-y  stages  to  which 
they  are  attached. 

We  have  tested  the  system  on  500  urn  LINbO^  rods  and  250  urn  sapphire 
rods.  Stable  melts  and  a  symmetrical  tight  focus  were  achieved  in  both  with 
several  watts  of  laser  power. 

To  grow  well  controlled  fibers.  It  will  be  necessary  to  incorporate 
feedback  to  the  motor  speeds  and  laser  power  based  on  an  error  signal  derived 

from  In  situ  measurements  of  the  fiber  diameter.  A  device  suitable  for  these 

* 

measurements  must  have  a  diameter  resolution  of  better  than  0.1  urn,  a 
working  distance  consistent  with  the  COg  focusing  system  (~  100  urn),  a 
measurement  rate  faster  than  the  thermal  time  constant  of  the  growth  zone 
(~  1  kHz),  and  axial  resolution  of  10  urn  or  better.  No  commercially 
available  system  could  meet  these  requirements,  so  we  designed  and  constructed 
a  system.  The  measurement  approach  Is  based  on  fringes  created  by 
Illuminating  the  fiber  transversely  with  a  He-Ne  laser  beam.  The  fringes 

result  from  Interference  between  a  ray  refracted  through  the  fiber  and  the  ray 
reflected  off  the  surface  of  the  fiber  at  the  same  angle.  The  spacing  of 
these  fringes  Is  proportional  to  the  diameter  of  the  fiber.  Traditional 

systems  based  on  this  effect3  have  counted  the  number  of  fringes  present  In  a 
given  angular  range  In  the  far  field.  The  working  distance  constraints  of  our 


apparatus  precluded  convenient  adaptation  of  this  method,  so  Me  developed 
single  processing  electronics  suitable  for  precisely  Treating  the  center  of 
the  Image  on  a  retlcon  array  of  one  particular  fringe,  and  tracking  that 
fringe  as  Its  position  changes  due  to  variations  In  the  fiber  diameter. 

This  technique  has  several  advantages.  The  optical  design  Is  greatly 
simplified,  as  only  a  few  fringes  need  be  Imaged  on  the  diode  array,  rather 
than  the  several  hundred  necessary  In  a  counting  system.  Counting  fractional 
fringes  rather  than  whole  fringes  Increases  the  resolution  available. 

Our  present  system  has  a  fractional  resolution  of  0.05%  for  a  100  iim 
fiber,  at  a  measurement  rate  of  1  kHz,  limited  only  by  the  diode  array  scan 
time.  Simple  changes  In  the  Imaging  optics  and  a  different  diode  array  could 
up  the  resolution  several  fold.  If  that  becomes  desirable  In  the  future.  The 
axial  resolution  of  the  system  Is  ~  5  urn,"  given  by  the  line  focus  of  a  f/4 
cylindrical  doublet.  The  working  distance  is  100  mm,  which  is  determined  by 
the  focal  length  of  the  doublet.  The  fiber  can  move  in  a  window  of  ~  5  mm  x 
5  mm  without  causing  error  In  the  measurement.  This  device  Is  a  significant 
improvement  over  presently  available  technology,  and  may  have  conKr/clal 
applications. 

In  addition  to  its  utility  in  the  feedback  system,  the  diameter 
measurement  device  will  have  other  applications  in  our  program.  The  Fourier 
transform  of  the  diameter  variations  yields  their  power  spectral  density, 
useful  both  as  a  diagnostic  for  uncovering  problems  with  the  growth  process 
and  as  an  Input  In  calculations  of  radiation  loss  and  mode  coupling  studies. 

Mhlle  our  emphasis  this  year  has  been  on  the  growth  apparatus,  we  have 
also  refurbished  an  Intracavity  doubled  YAG  laser,  making  available  TEM00 
beams  at  1.83,  1.32,  1.06,  0.91,  0.66  and  0.53  pm  for  mode  propagation  and 
nonlinear  studies  on  fibers,  when  they  become  available. 


We  have  also  continued  our  theoretical  studies  of  the  effect  of  random 
diameter  variations  on  mode  coupling  and  radiation  loss  In  fibers. 

CONCLUSION 

The  development  of  a  second  generation  growth  apparatus  and  an  accurate 
high  speed  fiber  diameter  measurement  system  will  allow  systematic 
Investigation  of  the  parameters  that  control  the  growth  of  high  quality 
crystal  fibers.  Once  such  fibers  are  obtained,  a  broad  range  of  nonlinear 
device  applications  become  feasible.  We  feel  our  work  of  the  past  year  puts 
us  In  a  good  position  to  approach  these  goals. 
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ACOUSTIC  SURFACE  WAVE  SCANNING  OF  OPTICAL  IMAGES 

G.  S.  Kino 
(415)  497-0205 

(J.  B.  Green) 

A.  Introduction 

At  the  present  tine  our  work  focuses  on  developing  acoustic  surface  wave 
devices  utilizing  the  Interaction  between  surface  acoustic  waves  and  charge 
carriers  In  a  semiconductor.  Most  of  our  device  designs  Involve  the  use  of 
piezoelectric  zinc  oxide  which  Is  rf  sputtered  onto  a  silicon  substrate. 

Due  to  the  piezoelectric  nature  of  the  zinc  oxide,  electric  fields  are 
generated  by  the  acoustic  surface  waves  propagating  along  the  device.  These 
electric  fields  penetrate  Into  the  silicon  substrate  and  Interact  with  the 
charge  carriers  near  the  silicon  surface. 

Our  work  now  centers  around  two  types  of  devices: 

(1)  A  programmable  active  delay  line  In  which  signals  can  be  read  Into 
the  device  by  means  of  a  charge  transfer  device  (CTD)  Integrated 
Into  the  silicon  substrate.  After  programming  the  device  In  this 
way,  we  could  then  use  the  device  In  a  wide  variety  of  signal 
processing  applications  Including,  but  In  no  way  restricted  to, 
adaptive  and  Inverse  filtering.  This  first  working  device  Is  an 
excellent  example  of  the  uses  to  which  sophisticated  LSI  technology 
can  be  put  In  sophisticated  applications  Involving  real-time  analog 
and  digital  signal  processing. 

(2)  An  acoustic  surface  wave  wavegulded  correlator. 
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8.  Progress  and  Accomplishments 

A  basic  building  block  for  surface  wave  correlators  and  programmable 
delay  lines  Is  a  narrow,  wavegulded  acoustic  surface  wave  device.  Narrow 
beamwldth  devices  possess  an  Inherent  advantage  over  wider  beamwldth  devices 
since  the  acoustic  power  density  In  the  propagation  path  Is  proportionally 
higher,  resulting  In  more  efficient  device  operation.  In  order  to  generate  a 
narrow  acoustic  beamwldth  over  a  sufficiently  large  bandwidth.  It  Is  desirable 
to  launch  the  acoustic  waves  from  Interdigital  transducers  with  a  relatively 
wide  radiating  aperture.  This  necessitates  forming  the  transducer  fingers 
Into  concentric  circular  arcs  so  that  the  acoustic  beam  will  focus  down  to  a 
narrow  width.  A  wavegulded  convolver  fabricated  with  such  focused 
Interdigital  transducers  must  have  the  waveguide  entrances  located  at  the 
focal  plane  of  the  focused  transducers.  We  have  recently  demonstrated  this 
concept  with  a  L1Nb03  elastic  convolver. 

The  basic  geometry  of  the  focused  transducer  elastic  convolver  Is  shown 
In  Fig.  1.  The  focused  Interdigital  transducers  and  top-plate/waveguldlng 
electrode  are  defined  as  a  thin  film  metallization  on  the  piezoelectric 
substrate.  Electrical  signals  Input  Into  each  of  the  focused  transducers  are 
converted  Into  surface  acoustic  waves  which  counterpropagate  each  toward  an 
end  of  a  SAW  waveguide.  Oue  to  the  spatially-imposed  phase  variation  placed 
on  the  acoustic  wave  generated  by  each  focused  Interdigital  transducer,  the 
SAW  energy  gets  focused  down  Into  narrow  beams  at  the  entrances  of  the 
acoustic  waveguide.  The  surface  waves  then  get  "captured"  by  the  waveguide 
and  thus  remain  as  tightly  collimated  beams  («2  wavelengths  wide)  which 
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Sinematic  of  focused  tra'nsducer/wavegulded  convolver. 


count erpropagate  along  the  length  of  the  device.  Since  the  power  density  of 
the  compressed.  Interacting  waves  remains  high  In  the  wavegulded  structure, 
the  convolver  Is  correspondingly  more  efficient. 

The  advantages  of  using  the  focused  Interdigital  transducer  (FIT)  for 
beamwldth  compression  are: 

1.  The  FIT  has  a  large  active  radiation  area  that  Is  capable  of 
generating  a  narrow  acoustic  beam.  Thus,  Its  Input  Impedance  Is  much 
lower  than  that  of  a  correspondingly  narrow  Interdigital 
transducer. 

2.  The  FIT  Is  able  to  perform  greater  beamwldth  compression  in  a  smaller 
space  than  the  previously  used  beamwldth  compressors.  This  results 
In  smaller,  more  efficient  devices. 

3.  The  FIT  does  not  require  the  difficult  photolithography  necessary  for 
the  fabrication  of  the  multi-strip  couplers  in  high-frequency 
devices. 

4.  The  FIT  can  accomplish  beamwldth  compression  Independent  of  the 
electromechanical  coupling  coefficient  (av/v)  of  the  piezoelectric 
substrate  material.  This  Is  In  contrast  to  the  multistrip  coupler  or 
parabolic  horn  compressor  which  rely  on  large  values  of  av/v  to 
obtain  efficient  beamwldth  compression.  Therefore,  the  focused 
Interdigital  transducer  Is  more  appropriately  suited  to  low  av/v 
systems  (for  example,  GaAs  devices)  than  are  the  other  competing 
methods . 

5.  The  FIT  accomplishes  beamwldth  compression  without  the  dispersion 
Inherent  In  the  horn  compressors. 


6.  The  FIT  Is  only  one  element  that  accomplishes  two  tasks:  generation 
of  the  acoustic  beam  and  compression  of  the  acoustic  beam.  This 
results  In  a  device  that  Is  easier  to  fabricate. 

The  LINbOj  elastic  convolver  which  we  have  fabricated  using  this  focused 
transducer  concept  for  beamwldth  compression  has  provided  very  encouraging 
results.  Operating  at  a  center  frequency  of  160  MHz  ,  the  device  showed  a 
terminal  convolution  efficiency  Fy  ■  -70  dBm  with  an  Insertion  loss  of 
-16  dB  .  The  convolution  output  of  two  rectangularly  modulated  Input  signals 
is  shown  In  Fig.  2. 

We  have  also  developed  a  theory  for  use  In  the  design  of  such  focused 
transducer/wavegulded  convolvers.  This  theory  takes  Into  account  the 
efficiency  with  which  the  focused  transducer  Is  able  to  excite  the  fundamental 
waveguide*  mode  to  predict  ultimate  convolver  efficiency.  Results  from  this 
theory  are  shown  In  Fig.  3  where  the  convolver  figure  of  merit  Q  is  plotted 
as  a  function  of  the  acoustic  waveguide  width  a  .  Higher  values  of  q 
represent  Increased  convolver  efficiency.  The  family  of  curves  are  drawn  for 
different  focused  Interdigital  transducer  designs.  R  represents  the  radius 
of  curvature  of  the  focused  transducers  and  w  Indicates  the  transducer 
finger  lengths.  We  see  that  maximum  convolution  efficiency  Is  obtained  for 
waveguides  a  little  less  than  one  acoustic  wavelength  wide.  Independent  of  the 
focused  transducer's  design. 
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Convolver  efficiency  vs.  waveguide  width 


The  SAW/FET:  A  New  Programmable  SAW  Transversal  Filter 

We  have  demonstrated  for  the  first  time  a  totally  monolithic  surface 
acoustic  wave  transversal  filter  which  utilizes  an  Integrated  multiplexed  FET 
array  to  program  the  desired  filter  function.  The  device  (called  the  SAW/FET) 
Is  based  on  ZnO  on  SI  SAW  technology  with  the  FET  array  being  fabricated  using 
a  standard  NMOS  processing  schedule. 

The  basic  SAW/FET  design  Is  depicted  In  Fig.  4.  The  top  portion  of  this 
schematic  shows  Interdigital  transducers  and  diodes  arranged  in  the  same 
configuration  as  in  the  ZnO/Si  storage  correlator  shown  in  Fig.  5.  A  2  un 
thick  film  of  ZnO  is  sputter-deposited  onto  an  oxidized  p-type  Si  (8n-cm) 
wafer  in  which  n+  implants  form  an  array  of  diodes  underneath  the  acoustic 
beam  path.  A  thin  film  Au  metallization  on  top  of  the  zinc  oxide  defines  the 
Interdigital  transducers  and  top-plate  electrode.  Additionally,  each  diode  in 
the  SAW/FET  is  connected  to  an  individual  FET,  with  all  the  drains  of  the  FETs 
connected  to  a  common  bus.  The  gate  of  each  FET  is  in  turn  controlled  by  a 
tapped  output  of  a  single-bit  shift  register. 

The  multiplexed  FET  array  controls  700  taps  for  the  sampling  and 
storage  of  an  acoustic  waveform.  The  surface  acoustic  wave  interdigital 
transducers  operate  at  a  center  frequency  f0  *  100  MHz  ,  generating  an 
acoustic  wave  (first  Rayleigh  mode)  with  a  wavelength  of  40  un  .  Since  each 
tap  is  5  gm  wide,  separated  by  a  5  urn  space,  we  see  that  we  have  four  taps 
per  rf  cycle,  a  number  more  than  sufficient  to  satisfy  the  Nyqulst  criterion 
for  the  accurate  sampling  of  an  analog  waveform.  The  700  FET  array  provides 
a  far  greater  tap  density  than  that  of  any  other  SAW-based  slowly  programmable 
transversal  filter  known  to  date. 
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SCHEMATIC  OF  SAW/FET  DEVICE 


Schematic  of  ZnO/Si  Storage  Correlator. 


The  SAW/FET  construction  has  necessitated  close  cooperation  between  the 
Glnzton  Laboratory  and  the  Integrated  Circuit  Laboratory  at  Stanford.  The 
700-tap  multiplexed  FET  array  was  designed  by  the  IC  Laboratory  and  Is  the 
largest  IC  built  In  that  lab.  The  ZnO  films  required  for  this  acoustic 
device,  as  well  as  the  acoustic  transducers  needed,  were  made  In  the  Glnzton 
Laboratory. 

A  low-speed  waveform  Is  Inserted  into  the  device  by  applying  an  analog 
signal  h(t)  to  the  common  drain  line  of  the  FET  array  while  simultaneously 
clocking  the  single-bit  tapped  shift  register.  It  can  be  seen  that  when  the 
multiplexed  FETs  are  switched  on  by  the  tapped  shift  register,  a  different 
sample  of  the  analog  waveform  Is  stored  In  successive  diodes  in  the  array. 

The  waveform  samples  are  stored  as  charge  on  the  reverse-biased  diodes  so  that 
this  array  of  reverse-biased  diodes  has  a  capacitance  variation  C(z)  along 
the  length  of  the  device  that  Is  representative  of  the  original  analog  Input 
signal  h(t)  .  The  z  direction  Is  defined  to  be  along  the  device  length, 
collnear  with  the  direction  of  propagation  of  the  surface  acoustic  waves. 

Since  the  diode  array  capacitance  C(z)  is  in  series  with  the  capacitance  of 
the  ZnO  layer,  applying  a  signal  g(t)  to  the  plate  electrode  results  in  a 
spatially-varying  voltage  across  the  ZnO  film.  This  voltage  has  the  same 
fundamental  spatial  harmonic  component  as  the  capacitance  variation  C(z)  . 
Since  the  ZnO  film  Is  piezoelectric,  a  capacitance  variation  C(z)  which  has 
a  cos(kz)  modulation,  and  an  Input  waveform  g(t)  which  has  a  cos(t£) 
modulation,  will  give  rise  to  an  acoustic  surface  wave  signal  received  by  the 
Interdigital  transducer  that  Is  proportional  to  the  correlation  of  g(t) 
and  h(t)  .  This  Is  known  as  plate-to-acoustlc  readout.  The  output  will  be 
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large  only  when  k  *  <o/va  where  va  Is  the  surface  acoustic  wave  propagation 
velocity. 

Figure  6  shows  the  high-speed  correlation  output  of  an  rf  modulated 
rectangle  (f  *  96  MHz)  1  ysec  In  length  with  a  low-frequency  modulated 
rectangular  charge  pattern  stored  In  one-half  of  the  diode  array  via  the 
multiplexed  FET  array.  The  low-f requency  modulation  at  103  kHz  was  chosen 
with  respect  to  the  shift  register  clock  frequency  so  that  the  resulting 
stored  charge  pattern  had  the  correct  cos(kz)  variation  with  the  wave 
vector  k  satisfying  the  relation  k  *  w/v  . 

Q 

Figure  7  shows  the  correlation  output  of  a  96  MHz  modulated  3-blt 
Barker  code  (++-)  with  a  low-frequency  modulated  3-blt  Barker  code  previously 
stored  In  the  device.  The  peak-to-sldelobe  ratio  Is  seen  to  equal  3:1  ,  the 
expected  value  for  the  autocorrelation  of  a  3-blt  Barker  code. 

The  peak  signals  are  observed  to  be  23  dB  above  the  acoustically- 
generated  spurious  signal.  These  spurious  signals  are  due  to  acoustic 
feedthrough  caused  by  nonuniformities  In  the  ZnO  layer.  There  also  exist 
strong  capacitive  feedthrough  signals  picked  up  by  the  Interdigital 
transducers  which  are  located  close  to  the  plate  electrode.  We  believe  that 
these  nonuniformities  and  pick-up  problems  can  be  minimized  by  a  slight 
modification  of  the  FET  array  processing  schedule,  and  by  placing  ground 
metallizations  between  the  Interdigital  transducers  and  the  top-plate 
electrode.  This  will  be  done  In  subsequent  devices,  hopefully  resulting  In  a 
much  larger  dynamic  range. 

It  must  be  noted  that  this  present  device  has  a  processing  bandwidth 
limited  only  by  the  Interdigital  transducers.  Since  the  high  tap  density 


allows  the  processing  of  signals  with  bandwldths  In  excess  of  200  MHz  , 
Improved  device  performance  can  be  obtained  by  utilizing  higher  frequency 
transducers  operating  In  the  Sezawa  mode  to  achieve  greater  IOT  bandwldths. 

In  conclusion,  we  have  demonstrated  a  new,  flexible,  monolithic 
transversal  filter.  The  SAW/FET  takes  full  advantage  of  the  ZnO  on  SI 
technology  and  demonstrates  the  manner  In  which  Integrated  circuit  technology 
may  be  combined  with  surface  acoustic  wave  technology  to  achieve  a  monolithic 
device  capable  of  sophisticated  high-speed  signal  processing.  The  advantages 
of  such  a  monolithic  design  Include  mechanical  stability  and  ease  of 
fabrication. 

Me  believe  that  these  concepts  are  merely  the  first  of  a  wide  range  of 
devices  which  could  be  constructed  with  entirely  new  configurations  and 
systems  architecture  If  the  necessary  LSI  and  VLSI  silicon  technology  were 
avellable.  We  have  described  here,  for  Instance,  a  device  controlled  only  by 
a  shift  register  output;  a  still  more  flexible  and  valuable  signal  processing 
device  could  be  made  If  the  control  were  directly  made  from  a  random  access 
memory  (RAM)  output  rather  than  the  shift  register.  Other  possible  future 
devices  might  use  amplifiers  In  the  acoustic  analog  system  rather  than  passive 
diodes.  Thus,  with  a  sophisticated  VLSI  technology  available,  new  devices 
developed  to  carry  out  analog  or  digital  signal  processing  In  real  time  at 
very  high  frequencies. 
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Unit  81-5 


PICOSECOND  RAMAN  STUDIES  OF  ELECTRONIC  SOLIDS 

A.E.  Siegman 
(415)497-0222 

(C.E.  Barker) 

A.  Introduction 

The  scientific  objective  of  this  project  is  the  study  of  fast  electronic 
and  lattice  processes  in  semiconductors  (with  a  focus  on  silicon)  using  a 
novel  picosecond- time-resolved  »««««  spectrometer. 

This  project  takes  advantage  of  the  availability  of  a  special 
time-resolved  resonance  Raman  apparatus  built  by  our  group  a  few  years 
ago  primarily  for  biological  Investigations.  This  spectrometer  uses  a 
high  rep-rate,  flash-pumped,  mode-locked  and  pulse-selected  neodymium 
TAG  laser  which  can  generate  both  1.06  Urn  and  532  nm  pulses  having  dura¬ 
tions  less  than  30  psec,  at  a  repetition  rate  of  30  pulses  per  second. 

We  intend  to  use  pulses  from  this  laser,  at  either  wavelength,  to  photo- 
excite  a  semiconductor  sample  (through  optical  heating  and  carrier  genera¬ 
tion)  and  also  to  measure  the  Raman  spectrum  of  the  sample  through  a 
high-quality  Raman  spectrometer. 

Conventional  picosecond  time-resolved  measurements  of  reflectivity 
or  transmission  on  semiconductors  measure  primarily  the  electronic 
properties  of  the  sample.  A  time-resolved  Raman  apparatus  such  as  this, 
by  contrast,  will  be  able  to  observe  primarily  the  lattice  properties, 
particularly  the  lattice  temperature  of  the  semiconductor  sample,  oh  a 
picosecond  time  basis. 
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Progress  and  Ac& 


Conversion  of  the  tine-resolved  Raaan  system  so  that  it  can  be 
used  both  for  the  biological  observations  for  which  it  was  originally 
designed  (under  other  sponsorship)  and  for  semiconductor  measurements, 
is  nearly  complete.  We  have  had  some  experimental  difficulties  in  bring¬ 
ing  the  optical  multi-channel  analyzer  (OMA)  into  satisfactory  operation 
on  the  Raman  spectrometer,  so  as  to  permit  Raman  spectra  over  a  wide 
wavelength  range  to  be  collected  simultaneously. 

Preliminary  Raman  spectra  from  silicon  samples  using  relatively  low 
energy  532  nm  pulses  have  now  been  collected  on  this  instrument,  and 
observed  to  be  substantially  different  from  silicon  spectra  collected  on 
the  same  instrument  using  a  cw  argon  laser  at  essentially  the  same  wave¬ 
length  (514  nm).  The  pulsed  Raman  spectra  have  substantially  wider  line- 
widths,  for  reasons  which  are  not  at  this  point  understood. 

The  controversy  of  recent  years  over  the  relative  roles  of  electronic 
plasma  and  lattice  heating  effects  in  the  laser  annealing  of  silicon 
seems  to  be  tending  in  favor  of  a  relatively  straightforward  lattice 
heating  model.  It  is  still  entirely  unknown,  however,  exactly  how  fast 
the  initial  electronic  excitation  produced  by  a  fast  laser  pulse  converts 
over  into  thermalized  excitation  of  the  semiconductor  lattice.  Time- 
resolved  Raman  measurements  with  picosecond  time  resolution  such  as  those 
we  are  planning  have  the  potential  of  answering  this  question. 

Once  our  apparatus  is  working,  therefore,  our  program  will  be  to 
explore  the  situation  in  which  a  silicon  sample  is  simultaneously  heated 
by  a  picosecond  laser  pulse  at  1.06  Um  and  the  lattice  temperature 
measured  by  a  slightly  delayed  picosecond  pulse  at  532  nm.  The  lattice 


temperature  will  be  monitored  by  observing  both  the  broadening  of  the 


i 


standard  Stokes- Raman  line*  and  also  the  amplitude  ratio  of  the 
Stokes  to  antl-Stokes-Raman  lines. 

In  order  to  make  such  measurements  accurately,  it  is  necessary  to 
have  an  accurate  calibration  of  the  variation  of  both  of  these  quantities 
with  a  sample  temperature  in  our  particular  apparatus.  In  order  to 
accomplish  this  calibration  a  small  oven  for  heating  silicon  samples 
to  accurately  known  temperatures  will  be  constructed  and  installed  in 
our  apparatus.  Carrying  out  calibration  measurements,  followed  by  an 
extensive  series  of  time-resolved  pulse  heating  measurements  on  silicon 
samples ,  and  the  interpretation  of  these  measurements,  are  expected  to 
be  our  main  activities  during  the  coming  year. 
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3259  R.B.  King,  G.  Herrmann,  and  G.S.  Kino, 

"Use  of  Stress  Measurements  with  Ultra¬ 
sonics  for  Nondestructive  Evaluation  of 
the  J  Integral,"  Preprint  (April  1981). 

Also: 

Published  In  Engineering  Fracture 
Mechanics,  Vol.  15,  No.  1-2,  77-86  (1981). 

3260  J.E.  Bowers,  "Broadband  Monolithic  Sezawa 
Wave  Storage  Correlators  and  Convolvers," 
Internal  Memorandum  (May  1981). 

3261  Staff,  "Quantitative  Modeling  of  Flaw 
Responses  In  Eddy  Current  Testing," 

28th  Monthly  Report  for  the  period 

1  April  to  1  May  1981  (May  1981). 

3262  M.R.  Beasley  and  C.J.  Klrcher, 

"Josephson  Junction  Electronics: 

Materials  Issues  and  Fabrication 
Techniques,"  Preprint  (May  1981). 

Also: 

Published  In  Superconductor  Materials 
Science,  eds.  Simon  Foner  and  Brian  B. 
Schwartz  (Plenum  Publishing  Corporation, 
1981). 

3263  W.A.  Harrison,  "New  Tight-Binding 
Parameters  for  Covalent  Solids  Obtained 
using  Louie  Peripheral  States,"  Preprint 
(May  1981). 

A1  so : 

Published  In  Physical  Review  B,  Vol.  24, 

No.  10,  5835-5843  (15  November  1981). 

3264  Staff,  "Film  Synthesis  and  New  Supercon¬ 
ductors,"  Interim  Technical  Report  for 
the  period  1  October  1980  to  31  March 
1981  (May  1981). 


P 


Contract /Grant 

NASA/Ames 

NSG  2289 

F49620-79-C-0217 

and 

EPRI  RP609-1 


N00014-76-C-0129 

EPRI  RP1395-3 

N00014-75-C-0632 


NSF  DMR80- 22365 


F49620-78-C-0009 
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G.L.  No.  Title  Contract /Grant 

3265  J.  Kwo,  T.P.  Orlando,  and  M.R.  Beasley  DOE  DE-AT03- 

"The  Microscopic  Superconducting  76ER71043 

Parameters  of  Nb.At:  How  Important  and 

is  the  Band  Density  of  States?",  Preprint  F49620-78-C-0009 
(June  1981). 

Also; 

Published  in  Physical  Review  B,  Vol.  24, 

No.  5,  2506-2514  (1  September  1981). 

3266  Staff,  "Laser  Physics  and  Laser  Techniques,"  AF0SR-80-0145 
Interim  Scientific  Report  for  the  period 

1  January  1980  to  31  January  1981. 

3267  T.P.  Orlando  and  M.R.  Beasley,  "Pauli  DOE  DE-AT03- 

Limiting  and  Possibility  of  Spin  76ER71043 

Fluctuations  in  the  A15  Superconductors," 

Preprint  (June  1981). 

Also: 

Published  in  Physical  Review  Letters, 

Vol.  46,  No.  24,  1598-1601  (15  June  1981). 

3268  Staff,  "Quantitative  Modeling  of  Flaw  EPRI  RP1395-3 

Responses  in  Eddy  Current  Testing," 

29th  Monthly  Report  for  the  period 
1  May  to  1  June  1981  (June  1981). 

3269  G.A.  Pavlath  and  H.J.  Shaw,  "Blre-  F49620-80-C-0040 

frlngence  and  Polarization  Effects 

In  Fiber  Gyroscopes,"  Preprint 
(June  1981). 

Also: 

Published  in  Applied  Optics,  Vol.  21, 

No.  10,  1752-1757  (15  May  1982). 

3270  J.E.  Bowers  and  G.S.  Kino,  "Adaptive  N00014-76-C-0129 

Noise  Cancellation  with  a  SAW  Storage 

Correlator,"  Preprint  (June  1981). 

Also; 

Published  in  Electronics  Letters,  Vol.  17, 

No.  13,  460-461  (25  June  1981). 


G.L.  Ho.  Title  Contract/Grant 

3271  W.L.  Carter,  S.J.  Poon,  G.W.  Hull,  Jr.,  F49620-78-C-0009 

and  T.H.  Geballe,  "Enhanced  Critical  Field 

Curves  of  Netastable  Superconductors," 

Preprint  (June  1981). 

Also: 

'PuITrished  In  Solid  State  Communl  cat  ions, 

Vol .  39,  41-45  (1981). 

3272  R.  King,  G.  Herrmann,  and  G.  Kino,  EPRI  RP609-1 

"Acoustic  Nondestructive  Evaluation  of  and 

Energy  Release  Rates  In  Plane  Cracked  NSF-MRL  (CMR) 

•  Solids,"  Preprint  (June  1981). 

3273  J.J.M.  Tien,  B.T.  Khurl-Yakub,  G.S.  Kino,  N00014-78-C-0283 

A.G.  Evans,  and  0.  Marshall,  "Surface 

Acoustic  Have  Measurements  of  Surface 
Cracks  in  Ceramics,"  Preprint  (June  1981). 

3274  B.T.  Khurl-Yakub,  C.H.  Chou,  K.  Liang,  and  F49620-79-C-0217 

G.S.  Kino,  "NOE  for  Bulk  Defects  in 

Ceramics,"  Preprint  (June  1981). 

3275  S.D.  Bennett,  D.  Hi 
"Focused  Acoustic 
Phase  Measurements 
To  be  published  In 
Vol.  11,  pp.  583-5 

3276  N.  Grayell ,  F.  Stanke,  G.S.  Kino,  and  F49620-79-C-0217 

J.C.  Shyne,  "Effect  of  Grain  Size  and 

Preferred  Crystal  Texture  on  Acoustic 
Properties  of  304  Stainless  Steel,” 

Preprint  (June  1981). 

3277  S.  Bennett,  D.K.  Peterson,  D.  Corl,  and  F49620-79-C-0217 

G.S.  Kino,  "A  Real-time  Synthetic  Aperture 

Digital  Acoustic  Imaging  System,"  Preprint 
(June  1981). 

Also: 

Published  in  Acoustical  Imaging,  Vol.  10, 
pp.  669-692. 

3278  G.S.  Kino,  "Fundamentals  of  Scanning  F49620-79-C-0217 

Systems,"  Preprint  (June  1981). 


usson,  and  G.S.  Kino, 
Beams  for  Accurate 
,"  Preprint  (June  1981). 
Acoustical  Imaging. 


EPRI  RP609-1 
and 

F49620-79-C-0217 


G.L.  No.  Title  Contract /Grant 

3279  R.B.  van  Dover,  A.  de  Lozanne,  and  N00014-75-C-0632 

N.R.  Beasley,  “S-N-S  Microbridges: 

Fabrication,  Electrical  Behavior  and 
Modeling,1*  Preprint  (June  1981). 

Also: 

Published  In  Journal  of  Applied  Physics, 

Vol.  52,  No.  12,  7327-7343  (December  1981). 

3280  W.P.  Lowe,  T.W.  Barbee,  Jr.,  T.H.  Geballe,  F49620-78-C-0009 

and  D.B.  McWhan,  "X-Ray  Scattering  from 

Multilayers  of  NbCu,"  Preprint  (June  1981). 

Also: 

Published  In  Physical  Review  B,  Vol.  24, 

No.  9,  5063-5070  (15  November  1981). 

3281  R.D.  Feldman,  "Growth  of  A15  Nb-Si  by  F49620-78-C-0009 

Epitaxy  and  Composition  Grading," 

Preprint  (June  1981). 

Also 

Published  in  Thin  Solid  Films,  Vol.  87 
243-258  (1982). 

3282  K.E.  Ki hi strom  and  T.H.  Geballe,  "Tunneling  F49620-78-C-0009 
o2F(«)  as  a  Function  of  Composition  In 

A15  NbGe,"  Preprint  (June  1981). 

Also: 

Published  in  Physical  Review  B,  Vol.  24, 

No.  7,  4101-4104  (1  October  1981). 

3283  K.  Liang,  B.T.  Khurl-Yakub,  C.H.  Chou,  F49620-79-C-0217 

G.S.  Kino,  K.  Peterson,  and  S.  Bennett,  and 

"A  50  MH2  Synthetic  Focus  System,"  Ames  SC-81-009 

Preprint  (June  1981). 

3284  Staff,  "Acoustic  Techniques  for  Measuring  EPRI  RP609-1 

Stress  Regions  In  Materials,"  54th  Monthly 

Report  for  the  period  1  April  to  31  May 
1981  (June  1981). 

3285  Robert  L.  Thornton,  "Schottky  Barrier  N00014-76-C-0129 

Elevation  by  Ion  Implantation  and 

Implant  Segregation,"  Preprint  (June  1981). 

Also: 

Published  In  Electronics  Letters,  Vol.  17, 

No.  14,  485-486  (9  July  1981). 


V.‘«  V'  *-  V*  A  ' 


G.L.  No. 


Title 

A. J.  Taylor,  K.M.  Jones,  and  A.L.  Schawl ow, 
"A  Study  of  Excited  lx*  States  In  Na2," 
Preprint  (July  1981).  9 

Also: 

Published  In  Optics  Communications,  Vol.  39, 
No.  1,2,  47-50  (15  September  1981). 

H.-R.  Xia,  G.-Y.  Yan,  and  A.L.  Schawlow, 
"Two-Photon  Line  Shapes  with  Near- 
Resonant  Enhancement,"  Preprint  (June  1981). 

Also: 

Published  in  Optics  Communications,  Vol.  39, 
No.  3,  153-158  (1  October  1981). 

•• 

Ph.  Dablewicz  and  T.U.  Hansch.  "Polariza¬ 
tion  Intermodulated  Excitation  (POLINEX) 
Spectroscopy  of  the  Cul  578.2  nm  Transi¬ 
tion,"  Preprint  (Juits  1981). 

Also: 

Published  in  Optics  Communications,  Vol.  38, 
No.  5,6,  351-356  (1  September  1981). 

S.E.  Harris,  R.W.  Falcone,  M.  Gross, 

R.  Normandln,  K.D.  Pedrotti,  J.E. 

Rothenberg,  J.C.  Wang,  J.R.  Will  Ison, 
and  J.F.  Young,  "Anti -Stokes  Scattering 
as  an  XUV  Radiation  Source,"  Preprint 
(July  1981). 

R.A.  Bergh,  H.C.  Lefevre,  and  H.J.  Shaw, 

All -Single-Node  Fiber-Optic  Gyroscope 
with  Long  Term  Stability,"  Preprint 
(July  1981). 

Also: 

Published  in  Optics  Letters,  Vol.  6, 

No.  10,  502-504  (October  1981). 

B. A.  Auld,  S.  Ayter,  N.  Tan,  and 

0.  Hauden,  "Filter  Detection  of  Phase- 
Modulated  Laser  Probe  Signals,"  Preprint 
(July  1981). 

Also: 

TuETished  In  Electronics  Letters,  Vol.  17, 
No.  18,  661-662  (3  September  1981). 


Contract/Grant 
NSF  PH Y80- 10689 


NSF  PH Y80- 10689 


NSF  PHY80- 10689 


N00014-78-C-0403, 
F49620-80-C-0023 , 
NASA  NAG  2-44 


Atlantic 
Richfield  Co. 


N00014-79-C-0222 

and 

N00014-75-C-0632 
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Title 


G.L.  No. 


3292 

3293 

3294 

3295 

3296 

3297 

3298 


Staff,  "Research  Studies  on  Radiative 
Colllslonal  Processes,"  Semi-Annual 
Report  for  the  period  2  January  to 
30  June  1981  (July  1981). 


B.  Burgoyne,  J.  Pavkovlch,  and  G.S.  Kino 
"Digital  Filtering  of  Acoustic  Images," 
Preprint  (August  1981). 


M.R.  Beasley,  "New  Perspectives  on  the 
Physics  of  High-Field  Superconductors," 
Preprint  (July  1981). 

To  be  published  In  Advances  In 
Cryogenic  Engl neer 1 ng  (Material s ) , 

Vol.  28,  345-360. 


Staff,  "Acoustic  Microscopy  for  Non¬ 
destructive  Evaluation  of  Materials," 
Annual  Report  for  the  period  1  July  1980 
to  30  June  1981  (July  1981). 


J.-M.  Heritier,  J.E.  Fouquet,  and  A.E. 
Slegman,  "Photoacoustic  Cell  Using 
Elliptical  Focusing,"  Preprint 
(September  1981). 


Also: 

Published  in  Applied  Optics,  Vol.  21, 
No.  1,  90-93  (January  1982). 

Staff,  "Quantitative  Modeling  of  Flaw 
Responses  In  Eddy  Current  Testing," 
30th  Monthly  Report  for  the  period 
1  June  to  1  July  1981  (July  1981). 

Staff,  "Laser  Physics  and  Laser  Spec¬ 
troscopy,"  Final  Technical  Report 
for  the  period  15  February  1980  to 
14  February  1981  (July  1981). 


3299  Walter  A.  Harrison,  "Electronic  Structure 

and  Properties  of  Nonmetals  under  Pressure, 
Preprint  (August  1981). 


Also: 

Fubl 1  shed  In  Physics  of  Solids  Under 
Pressure  (North-Hoi land  Publishing  Co., 
TOTTTpp.  57-65. 


Contract/Grant 
F 496 20-80- C - 0023 


DOE  DE-AT03- 
76ER71043 


F49620-78-C-0098 


AF0SR-80-0145 

and 

NASA  NAG  2-44 


EPRI  RP1395-3 


AF0SR-80-0144 


NSF  DMR 80-22365 


•’  S.L. 

-  W  •-*  *-*  -'-V-V ■■‘•S 

No.  Title 

Contract/Grant 

j.  3300 

f'i 

►»' 

*  ; 

C 

S.  Doniach  and  C.  Sommers,  "The  Use  of 

Local  Density  Functional  Theory  for  Spin 
Polarized  Relativistic  Band  Structure 
Calculations,"  Reprint  from  Valence 
Fluctuations  in  Solids,  (1981). 

I  3301 

■* 

jj 

M.  ChodoroM,  "Nonlinear  Generation  of 

Sound  in  the  Scanning  Acoutlc  Microscope," 
Final  Report  for  the  period  15  July  1977 
to  28  February  1981. 

NSF  ENG77-01119 

|  3302 

3 

5 

<1 

J.E.  Helserman,  "Cryogenic  Acoustic  Micro¬ 
scopy:  The  Search  for  Ultrahlgh  Resolution 
Using  Cryogenic  Liquids,"  Preprint  (August 
1981).  Presented  at  the  International 
Conference  on  LT-16.  To  be  published  in 
Physica. 

N00014-77-C-0412 

1  3303 

“» 

It  - 

H.  Vanherzeele,  J.L.  Van  Eck,  and  A.E. 
Slegman,  "Mode-Locked  Laser  Oscillation 
Using  Self -Pumped  Phase  Conjugate 
Reflection,"  Preprint  (September  1981). 

AF0SR-80-0145 

** 

!• 

ji 

Also: 

Published  in  Optics  Letters,  Vol.  6, 

No.  10,  467-469  (October  1981). 

j  3304 

ft 

j 

Staff,  "Acoustically  Scanned  Optical 

Imaging  Devices,"  Semiannual  Report  No.  12, 
for  the  period  1  January  to  30  June  1981 
(August  1981). 

N00014-76-C-0129 

!  3305 

i 

H.  Vanherzeele,  J.L.  Van  Eck,  and  A.E. 
Slegman,  "Colliding  Pulse  Mode-Locking 
of  a  Nd:YAG  Laser  with  an  Anti  resonant 

Ring  Structure,"  Preprint  (September 

1981). 

AF0SR-80-0145 

Also: 

Published  In  Applied  Optics,  Vol.  20, 

No.  20,  3484-3486  (15  October  1981). 

3306 

Staff,  "Acoustic  Techniques  for  Measuring 
Stress  Regions  In  Materials,”  55th  Report 
for  the  period  1  June  to  31  July  1981 
(August  1981). 

EPRI  RP609-1 

3307 

# 

A.  Arbel  and  J.  Bowers,  "Active  Matching 
Circuits  for  SAW  Devices,"  Preprint 
(August  1981). 

DE-AM03-76SF00326 

and 

N00014-76-C-0129 

-63- 
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G.L.  No. 


Title 


Contract/Grant 


3308 


3309 


3310 


3311 


3312 


3313 


3314 


3315 


M.R.  Beasley.  T.H.  Geballe.  and  H.A. 
Schwettman,  “To  Study  the  RF  Properties 
of  Superconducting  A15  Compounds."  Final 
Technical  Report  (July  1981). 

B.A.  Auld  and  M.M.  Fejer,  “Elastic  Non¬ 
linearity  and  Domain  Wall  motion  In 
Ferroelastlc  Crystals,"  Preprint 
(August  1981). 

B.A.  Auld  and  H.A.  Kunkel ,  “Laser  Probe 
Measurements  of  Material  Properties  and 
Elastic  Vibration  Distributions  in 
Counterpoled  Ceramics,11  Preprint 
(September  1981). 

Also: 

Published  in  Ferroelectrics,  Vol.  38, 
971-974  (1981). 

Staff,  "Quantitative  Modeling  of  Flaw 
Responses  in  Eddy  Current  Testing," 

31st  Monthly  Report  for  the  period 
1  July  to  1  August  1981  (August  1981). 

Staff,  “Quantitative  Modeling  of  Flaw 
Responses  In  Edqy  Current  Testing," 

32nd  Monthly  Report  for  the  period 
1  August  to  1  September  1981 
(September  1981). 

Staff,  “Studies  on  Lasers  and  Laser 
Devices,"  Semiannual  Status  Report 
for  the  period  1  April  to 

30  September  1981  (September  1981). 

Staff,  "Elastic  Domain  Wall  Waves  in 
Ferroelectric  Ceramics  and  Single 
Crystals,"  Annual  Progress  Report  for 
the  period  1  February  1980  to  31  January 
1981  (September  1981). 

Staff,  "Annual  Progress  Report  and 
Report  of  Significant  Accomplishments," 
for  the  period  1  April  1980  through 

31  March  1981. 


N00019-79-C-0618 


N00014-75-C-0632 


N00014-79-C-0222 


EPRI  RP1395-3 


EPRI  RP1395-3 


NASA  NAG  2-44 


N00014-79-C-0222 


N00014-75-C-0632 


3316 


Staff,  "Acoustic  Techniques  for  Measuring  EPRI  RP609-1 
Stress  Regions  In  Materials,"  Annual 
Report  (September  1981). 


G.L.  Ho.  Title 

3317  Staff,  "Quantitative  Modeling  of  Flaw 
Responses  In  Eddy  Current  Testing," 
Summary  Report  for  the  period 

1  October  1980  to  1  October  1981), 

(October  1981). 

3318  S.D.  Bennett,  "Approximate  Materials 
Characterization  by  Coherent  Acoustic 
Microscopy,"' Preprint  (September  1981). 

3319  M.  Dlgonnet  and  H.J.  Shaw,  "Analysis  of 
a  Tunable  Single  Mode  Optical  Fiber 
Coupler,"  Preprint  (September  1981). 

Also: 

Published  in  IEEE  Journal  of  Quantum 
Electronics,  Vol.  QE-18,  No.  4, 

746-754  (April  1982). 

3320  Staff,  "Elastic  Domain  Wall  Waves  in 
Ferroelectric  Ceramics  and  Single 
Crystals,"  End  of  Year  Letter 
(October  1981). 

3321  J.  Heiserman,  “Thermal  Grounding  of  a 
Transmission  Line  In  a  Dilution 
Refrigerator,"  Preprint  (September  1981). 

Also: 

Published  In  Cryogenics,  243-244 
(May  1982). 

3322  B.A.  Auld  and  D.K.  Winslow,  "Microwave 
Eddy-Current  Experiments  with  Ferro¬ 
magnetic  Resonance  Probes,"  Reprint  from 
Journal  of  Special  Technical  Publication, 
Vol.  733,  American  Society  for  Testing 
and  Materials,  332-347  (1981). 

3323  R.L.  Byer  and  M.  Endemann,  "Remote 
Measurements  of  Trace  Species  In  the 
Troposphere,"  Prepint  (September  1981). 

Also: 

Published  In  AIAA  Journal,  Vol.  20,  No.  3, 
395-403  (March  1982). 


Contract/Grant 
EPRI  RP1395-3 

F49620-79-C-0217 

Atlantic 
Richfield  Co. 

N00014-79-C-0222 

N00014-77-C-0412 


DAAG29-77-G-0181 


-65- 


G.L.  No.  Title 

3324  D.A.  Brown  and  S.  Doniach,  “Vortex  Pinning 
and  the  Oecay  of  Persistent  Currents  In 
Unsaturated  Superfluid  Helium  Films," 
Preprint  (September  1981), 

Also: 

Published  in  Physical  Review  B,  Vol.  24, 

No.  1,  136-150  (January  1982). 

3325  J.N.  Eggleston,  G.  Giuliani,  and  R.L.  Byer, 
"Radial  Intensity  Filters  Using  Radial 
Blrefrlngent  Elements,"  Preprint 
(September  1981). 

Also: 

Published  in  Journal  of  the  Optical  Society 
of  America,  Vol.  71,  No.  10,  1264-1272 
(October  1C31) . 

3326  S.  Doniach,  “Quantum  Fluctuations  in  Two- 
Dimensional  Superconductors,"  Preprint 
(August  1981). 

A1  so : 

Published  in  Physical  Review  B,  Vol.  24, 

No.  9,  5063-5070  (1  November  1981). 

3327  S.  Froyen  and  C.  Herring,  "Distribution  of 
Interatomic  Spaclngs  In  Random  Alloys," 
Reprint  from  Journal  of  Applied  Physics, 
Vol.  52,  No.  12,  7165-7173  (December  1981). 

3328  R.U.  Falcone  and  K.D.  Pedrottl,  "Pulsed 
Hollow  Cathode  Discharge  for  XUV  Lasers 
and  Radiation  Sources,"  Preprint 
(September  1981). 

Also: 

Published  in  Optics  Letters,  Vol.  7, 

No.  2,  74-76  (February  1982). 

3329  Staff,  "Film  Synthesis  and  New  Super¬ 
conductors,"  Interim  Technical  Report 
for  the  period  1  April  to  30  September 
1981  (October  1981). 

3330  M.D.  Wright,  "Laser  Induced  Charge 
Transfer  Collisions,"  Internal 
Memorandum  (September  1981). 


Contract/Grant 
NSF  DMR80-07934 


AF0SR-80-0144 


NSF  DMR 80-07934 


NSF  DMR77-21384 

N00014-78-C-0403 


F49620-78-C-0009 

F49620-80-C-0023 


G.L.  No. 


Title 


Contract/Grant 


3331 

3332 


3333 


3334 


3335 


3336 


3337 


Staff,  "Tunable  Optical  Sources,"  Progress  DAAG29-81-K-0038 
Report  for  the  period  2  February  to 
30  June  1981  (September  1981). 


L.-S.  Lee  and  A.L.  Schawl ow,  "A  Multiple-  NSF  PHY78-23532 
Wedge  Wavemeter  for  Pulsed  Lasers," 

Preprint  (October  1981). 


Also: 

Published  In  Optics  Letters,  Vol.  6, 

No.  12,  610-612  (December  1981). 

Staff,  "To  Study  the  RF  Properties  of  N00019-81-C-0131 

Superconducting  A15  Compounds," 

Quarterly  Progress  Report  for  the 
period  April  to  June  1981  (September 
1981). 

W.A.  Harrison  and  J.M.  Wills,  "Interionic  NSF  0MR80-22365 
Interactions  In  Simple  Metals,"  Preprint 
(October  1981). 

Also: 

Published  In  Physical  Review  B,  Vol.  25, 

No.  8,  5007-5017  (15  April  1982). 

J.R.  Willi son ,  R.W.  Falcone,  J.F.  Young,  N00014-78-C-0403 
and  S.E.  Harris,  "Laser  Spectroscopy 
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(March  1982).  Submitted  for  Inclu¬ 
sion  In  the  50th  Anniversary  Issue  of 
Physics  Today. 

3402  J.B.  Green  and  G.S.  Kino,  "SAM  Con¬ 
volvers  Using  Focused  Interdigital 
Transducers,"  Preprint  (March  1982). 
Submitted  to  IEEE  Transactions  on 
Sonlcs  and  Ultrasonics. 

Staff,  "Probe-Flaw  Interactions  and 
Inversion  Processes,"  Interim  Report 
for  the  period  1  October  1981  through 
31  March  1982  (March  1982). 


6.L.  No. 
3398 


3399 


3400 


3401 


Contract/Grant 
ARCO  Ventures 


NSF  PHY80- 10689 
and 


N00014-78-C-0403 


ARCO  Ventures 


N00014-75-C-0632 


3403 


Ames  SC-81-011 


SECTION  VI 


LABORATORY  CONTRACT  AND  ORANT  BOTTOM 
(Edward  L.  Ginston  Laboratory) 


SOURCE  -  CONTRACT-GRANT  NO. 

P.I. 

TITLE  ANNUAL  RATE 

as  of 
4/1/82 

EXPIRATION  DATE 
as  of 

4/1/82 

1.  Air  Fore*  Off lea  of  Scientific  Reaaarch 

F49620-78-C-0009 

Gaballe 

Fila  Synthesis  and  New  Supercon¬ 
ductors 

$370,723 

9/30/82 

FA 9620-7 9-C-0217 

Kino 

Research  on  Nondestructive  Evalua¬ 
tion 

268,353 

8/31/83 

F49620-80-C-0023 

Harris/Young 

Research  Studies  on  Radiative 
Collislonal  Processes 

271,240 

9/30/82 

P49620-80-0091 

Hanson/Byer 

Advanced  Instriaentatlon  and  Diag¬ 
nostics  for  Chemically  Reacting 

Flows 

72,200 

9/30/82 

F49620-81-C-0047 

Byer 

Laser  Physics  and  Spectroscopy 

179,754 

3/14/83 

F49620-82-K-0015 

Siegaan 

Laser  Physics  and  Laser  Techniques 

181,983 

1/31/84 

2.  Army  Reaaarch  Office 

DAAC29-81-K-0038 

Byer 

Tunable  Optical  Sources 

261,628 

2/19/84 

3.  Electric  Power  Reaaarch 

Institute 

RP1395-3 

Auld 

Quanta tive  Modeling  of  Flaw  Re¬ 
sponses  In  Edy  Current  Testing 

15,001 

12/31/82 

T107-5-5 

Kino 

Acoustic  Techniques  for  Measuring 
Stress  Regions  In  Materials 

217,406 

12/31/83 

4.  Industrial  Contracts 

General  Motors  RS-875177 

Byer 

High  Resolution  Combustion  Diagnostic 
Studies 

25,674 

5/31/82 

Litton  Systena  Inc. 

Shaw 

Research  on  Fiber  Optic  Directional 
Couplers 

748,000 

12/31/83 

5.  National  Aeronautics  and 

Space  Administration 

NAG  1-182 

Byer 

High  Energy  Efficient  Solid  State 
Laser  Sources 

50,357 

5/31/82 

NAG  2-44 

Harris/Siegman/Young  Studies  on  Lasers  and  Laser  Devices 

80,000 

3/31/83 

NAG  5-220 

Byer/Felgelson 

Growth  and  Evaluation  of  Crystals  for 
Infrarad  Non-linear  Applications 

50,155 

1/31/83 

NCC-2-50 

Byer 

Ultra  High  Resolution  Molecular  Beam 
CARS  Spectroscopy  With  Applications 
to  Planetary  Atnospherlc  Molecules 

30,000 

6/30/82 

NCC  2-120 

Caballe 

Investigation  of  the  Properties  of 
Doped  Silicon  on  Sapphire  for 

Far  Infrared  Bolometers 

35,421 

8/2/82 

79 


SOURCE  -  CONTRACT-GRANT  NO 


P.I 


TITLE 


ANNUAL  RATE 
as  of 

4/1/82 


EXPIRATION  DATE 
as  of 
4/1/82 


6.  National  lastltutas  of  Haalth 


NIH  5-R01-GM25217-05 

Doniach 

X-ray  Spectroscopy  of  Ca2+  Ions 
in  Biological  Systems 

$69,093 

NIB  5-R01 -CM2 5826-04 

Quata 

Acoustic  Hicroscopy  for  Bio¬ 
medical  Applications 

158,907 

National  Sciance  Foundation 

NSF  MR-8007934 

Doniach 

Theory  of  Cooperative  Phenomena  in 
Superfluid  Systems  of  Reduced 
Dimensionality  ^ 

33,500 

NSF  MR-8022365 

Harr  ison/Harr  ing 

Pseudopotential  Methods  in  Physics 

61,800 

NSF  MR-8109583 

Beaslay 

Two-Dimensional  Superconductivity 
and  Layered  Superconducting 
Structures 

67,000 

NSF  ECS-7912673 

Byar 

Molecular  Beam  CARS  Spectroscopy 

63,275 

NSF  ECS-8010786 

Quata 

Research  on  Acoustic  Microscopy 

With  Superior  Resolution 

120,000 

NSF  PHY -8010689 

Schavlow/Hansch 

Spectroscopy  and  Quantum  Elec¬ 
tronics 

375,500 

lan_ 

N00014-7 5-C-0632 

Slegman/Beasley 

Optical  and  Acoustic  Have  Re¬ 
search  (JSEP) 

404,078 

N00014-7  6-C-0129 

Kino 

Acoustical  Scanning  of  Optical 

Images 

131,129 

N00014-77-C-0412 

Quata 

Acoustic  Microscopy  at  Cryogenic 
Temperatures 

99,091 

N00014-78-C-0283 

Kino 

Measurements  of  Surface  Defects 
in  Ceramics 

70,000 

N0001 4 -7 8-C-04 03 

Schawlov/Hansch 

Advanced  Laser  Source  Research 

300,000 

N00014-7 9-C-0222 

Auld 

Elastic  Domain  Hall  Haves  in 
Ferroelectric  Ceramics  and  Single 
Crystals 

47,003 

N00014-81-K-0469 

Doniach/Hodgson 

Small  X-ray  Defraction  of  Immuno¬ 
globulin-Membrane  Complexes 

65,835 

N00019-81  C-0131 

Baaalay /Caballe 

RF  Prortrties  of  Superconducting 
A-15  Compounds 

23,050 

Department  of  Energy 

DE-AT03-76ER71043 

Beasley 

Superconducting  and  Semiconducting 
Properties  of  Electron  Beam  Evapor¬ 
ated  Materials 

153,931 

DI-AT03-81IR10665 

Kino 

High  Frequency  Transducers 

88,000 

3/31/83 

11/30/82 

6/30/82 

12/14/82 

6/30/82 

11/30/82 

1/31/83 

5/31/82 

3/31/82 

11/14/83 

6/30/82 

4/30/82 

3/31/82 

1/31/85 

4/14/83 

6/30/82 

1/31/83 

3/31/84 


80 


SCORCE  -  COOTBACT -GRANT  MO. 


10.  Subcontracts 

Anas  Sc  lance  Laboratory 
SC-11-009 

Aaee  Science  Laboratory 
SC-U-011 

Battalia  Induatriae 
B-96062-B-K 


p.i. 

TITLE 

ANNUAL  RATE 
as  of 

4/1/82 

EXPIRATION  DATE 
as  of 

4/1/82 

Kino 

Bulk  Hava  HDE  of  Structural  Cer antes 

$80,000 

9/30/82 

Auld 

Quanta tlve  Surface  Flaw  Character¬ 
istics 

90,000 

9/30/82 

Auld 

Design  of  a  Koval  Eddy-Current  Probe 

35,105 

9/29/82 

Iaprovad  Solid  State  Laaer  Sources 


Lawrence  Llvenora  Labor-  Byer 
atory  3818301 


74,095 


6/1/62 


T^rr^zr 

.•Ai 


£  DISTRIBUTION  LIST 
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Director 

Director 

National  Security  Agency 

U.S.  Amy  Ballistics  Re 

ATTN:  Dr.  G.  Burdge,  R-57 

Laboratory 

Fort  George  G.  Meade,  MD  20755 

ATTN:  DRDAR-BL 

& 

Aberdeen  Proving  Ground 

# 

IV 

Aberdeen,  MD  21005 

i 

k* 


Defense  Technical  Information  Center 
ATTN:  DDC-DDA 
Cameron  Station 
Alexandria,  VA  22314 


Commander 

U.S.  Army  Communications  Command 

ATTN:  CC-OPS-PM 

Fo-t  Huachuca,  AZ  85613 


(12  copies) 


Defense  Advanced  Research  Projects 
Agency 

ATTN:  Dr.  R.  Reynolds 
1400  Nil son  Boulevard 
Arlington,  VA  22209 


Coimnander 

U.S.  Army  Missile  Command 
Redstone  Scientific  Information 
Center 

ATTN:  DRSMI-RPRD  (Documents) 
Redstone  Arsenal ,  AL  35809 


Dr.  Leo  Young 

Office  of  the  Deputy  Under  Secretary 
of  Defense  for  Research  and 
Engineering  (R&AT) 

Room  3D1067 
The  Pentagon 
Washington,  DC  20301 


Commander 

U.S.  Amy  Satellite  Communications 
Agency 

Fort  Monmouth,  NJ  07703 


Commander 

U.S.  Amy  Atmospheric  Sciences 
Laboratory 

ATTN:  DELAS-AD-DM  (Tech  Wrtg) 

White  Sands  Missile  Range,  NM  88002 


Commander 

U.S.  Amy  Armament  R&D  Command 
ATTN:  DRDAR-TSS  159 
Dover,  NJ  07801 


-83- 


«Y-YA  v. 
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01  rector 
TRI-TAC 

ATTN:  TT-AD  (K.  Lape') 
Fort  Nonmouth,  NJ  07703 


Executive  Secretary,  TCC/JSEP 
U.S.  Army  Research  Office 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 


Commander 

Harry  Diamond  Laboratories 
ATTN:  Technical  Information  Branch 
2800  Powder  Hill  Road 
Adel  phi,  MO  20783 


HQDA  (DAMA-ARZ-A) 
Washington,  DC  20310 


Director 

U.S.  Army  Electronics  Technology  and 
Devices  Laboratory 
ATTN:  DELET-E  (Dr.  Jack  A.  Kohn) 
Fort  Monmouth,  NJ  07703 


Commander 

U.S.  Army  Communications  R&D  Command 
ATTN:  DRSEL-TES-CR  (Mr.  David  Haratz) 
Fort  Monmouth,  NJ  07703 


Director 

U.S.  Army  Electronics  Technology  and 
Devices  Laboratory 
ATTN:  DELET-M  (Mr.  V.  Gelnovatch) 
Fort  Monmouth,  NJ  07703 


Commander 

U.S.  Army  Electronics  R&D  Command 
ATTN:  DRDEL-SA  (Dr.  W.S.  McAfee) 
Fort  Monmouth,  NJ  07703 


U.S.  Army  Research,  Development  and 
Standardization  Group  -  CA 
National  Defense  Headquarters 
Ottawa,  Ontario 
CANADA  KIA  0K2 


Commander 

U.S.  Army  Communications  Electronics 
Command 

ATTN:  DRSEL-C0M-RM-4  (Dr.  F.  Schwering) 
Fort  Monmouth,  NJ  07703 
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Director 

U.S.  Army  Electronics  Technology  and 
Devices  Laboratory 
ATTN:  DELET-I  (Hr.  Harold  Borkan) 
Fort  Monmouth,  NJ  07703 


Director 

U.S.  Army  Electronics  R&D  Command 
Night  Vision  and  Electro-Optics  Labs 
ATTN:  Dr.  Randy  Longshore,  DELMV-IT 
Fort  Bel  voir,  VA  22060 


Commander 

U.S.  Army  Research  Office 
ATTN:  DRXRO-EL  (Dr.  James  Mink) 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 


Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-RT-A  (Mr.  J.  Salerno) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 


Director 

U.S.  Army  Electronics  R&D  Command 

Night  Vision  and  Electro-Optics  Labs 
ATTN:  DELNV-IRTD  (Dr.  John  Pollard) 

Fort  Bel  voir,  VA  22060 


Commander 

U.S.  Army  Research  Office 

ATTN:  ORXRO-EL  (Dr.  William  Sander) 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 


Director 

U.S.  Army  Electronics  Technology  and 
Devices  Laboratory 
ATTN:  DELET-ES  (Dr.  A.  Tauber) 

Fort  Monmouth,  NJ  07703 


Director 

Division  of  Neuropsychiatry 

Walter  Reed  Army  Institute  of  Research 

Washington,  DC  20012 


Commander 
USA  ARRADCOM 

ATTN:  DRDAR-SCF-IO  (Dr.  J.  Zavada) 
Dover,  NJ  07801 


Director 

U.S.  Army  Signals  Warfare  Lab 
ATTN :  DELSW-D-OS 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 
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Director 

U.S.  Army  Electronics  Technology  and 
Devices  Laboratory 

ATTN:  DELET-ED  (Dr.  E.H.  Poindexter) 
Fort  Monmouth,  NJ  07703 


Commander 

U.S.  Army  Research  &  Standardization 
Group  (Europe) 

ATTN:  Dr.  F.  Rothwarf 
Box  65 

FPO  NY  09510 


U.S.  Army  Research  Office  (3  copies) 
ATTN:  Library 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 


Commander 

U.S.  Army  Communications  Command 
ATTN:  0PpEL-C0M-RF  (Dr.  T.  Klein) 
Fort  Monmouth,  NJ  07703 


Mr.  Jerry  Brookshire 
Guidance  and  Control  Directorate 
U.S.  Army  Missile  Command 
ATTN:  DRSMI-RGG,  Bldg.  4381 
Redstone  Arsenal ,  AL  35898 


Dr.  Michael  Fahey 
Advanced  Sensors  Directorate 
U.S.  Army  Missile  Command 
ATTN:  DRDMI-RER 
Redstone  Arsenal ,  AL  35898 


Dr.  Charles  Bowden 
U.S.  Army  Missile  Command 
Research  Directorate 
ATTN:  DRSMI-RRD 
Redstone  Arsenal ,  AL  35898 


Dr.  Arthur  R.  Sindorls 
Harry  Diamond  Laboratories 
ATTN:  DELHD-PO-P 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 


Dr.  Horst  R.  Wlttmann 
U.S.  Army  Research  Office 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 


Dr.  Jimmie  R.  Suttle 
U.S.  Army  Research  Office 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
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Hr.  Charles  Graff 

U.S.  Army  Communlcatlons-Electronlcs 
Command 

ATTN:  DRSEL-COM-RF-Z 
Fort  Monmouth,  NJ  07703 


Mr.  Edward  Herr 

U.S.  Army  Communlcatlons-Electronlcs 
Command 

ATTN:  DRSEL-COM-RX-4 
Fort  Monmouth,  NJ  07703 


Mr.  Roland  Wright 

Night  Vision  &  Electro-Optics  Labs 

Fort  Belvolr,  VA  22060 


Dr.  Nick  Karayianls 
Harry  Diamond  Laboratories 
ATTN:  DELHD-RT-CA 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 


Dr.  T.N.  Chin 
U.S.  Army  ARRADCOM 
ATTN:  DRDAR-SCF-10 
Dover,  NJ  07801 


Dr.  John  Malamus 

Night  Vision  &  Electro -Optics  Labs 
Fort  Belvolr,  VA  22060 


Mr.  Robert  Rohde 

Night  Vision  &  Electro -Optics  Labs 
Fort  Belvolr,  VA  22060 


Dr.  Rudolf  G.  Buser 

Night  Vision  &  Electro -Optics  Labs 

ATTN:  DELNL-L 

Fort  Belvolr,  VA  22060 


Dr.  Donn  V.  Campbell 
U.S.  Army  Communlcatlons-Electronlcs 
Command 

ATTN:  DRSEL-COM-RN-4 
Fort  Monmouth,  NJ  07703 


Dr.  W.  Ealy 

Night  Vision  &  Electro-Optics  Labs 

ATTN:  DELNV-AC 

Fort  Belvolr,  VA  22060 
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Or.  J.  Hall 

Night  Vision  &  Electro-Optics  Labs 

ATTN:  OELNV-AC 

Fort  Bel  voir,  VA  22060 


Dr.  Alan  Garscadden 
AFHAL/P00C-3 

Air  Force  Aeronautical  Labs 
Hrlght-Patterson  AFB,  OH  45433 


Or.  J.  Burgess  Nr.  Alan  R.  Barnum  (CO) 

Night  Vision  &  Electro-Optics  Labs  Rome  Air  Development  Center 

ATTN:  DELNV-RH-RA  Grifflss  AFB,  NY  13441 

Fort  Belvoir,  VA  22060 


Or.  E.  Champagne 
AFWAL/AADD-I 

Hrlght-Patterson  AFB,  OH  45433 


Chief,  Electronic  Research  Branch 
AFWAL/AADR 

Hrlght-Patterson  AFB,  OH  45433 


Mr.  H.  Edwards,  Chief 
AFWAL/AAD 

Hrlght-Patterson  AFB,  OH  45433 


Mr.  John  Mott-Smlth  (ESD/ECE) 
HQ  ESO  (AFSC) ,  Stop  36 
Hanscom  AFB,  MA  01731 


Professor  R.E.  Fontana 
Head,  Department  of  Electrical 
Engineering 
AFIT/ENG 

Hrlght-Patterson  AFB,  OH  45433 


Dr.  J.  Ryles 
Chief  Scientist 
AFHAL/AS 

Hrlght-Patterson  AFB,  OH  45433 


Or.  Allan  Schell 
RADC/EE 

Hanscon  AFB,  MA  01731 


Or.  Howard  Schlossberg 
Air  Force  Office  of  Scientific 
Research 
AFOSR/NP 

Bolling  AFB,  DC  20332 


Dr.  J.  Bran 
AFOSR/NM 

Bolling  AFB,  DC  20332 


Lt.  Clarence  Gardner 

Air  Force  Office  of  Scientific  Research 

AFOSR/NE 

Bolling  AFB,  DC  20332 


Dr.  David  W.  Fox 
AFOSR/NM 

Bolling  AFB,  DC  20332 


Dr.  J.  Neff 
AFOSR/NE 

Bolling  AFB,  DC  20332 


Or.  H.M.  DeAngelis 
RADC/ESR 

Hanscon  AFB,  MA  01731 


Mr.  Allan  Barnun 
RADC/IS 

Grlfflss  AFB,  NY  13411 


Dr.  Tom  Walsh 
AFOSR/NE 

Bolling  AFB,  DC  20332 


Dr.  Edward  Altshuler 
RADC/EEP 

Hanscom  AFB,  MA  01731 


Naval  Surface  Weapons  Center 
ATTN:  Technical  Library 
Code  OX-21 
Dahlgren,  VA  22448 


r. 

a 


I 


S 


Dr.  Gemot  N.R.  Winkler 
Director,  Time  Service 
U.S.  Naval  Observatory 
Massachusetts  Avenue  at 
34th  Street,  NW 
Washington ,  DC  20390 


G.C.  Dllworth,  Jr. 

Technical  Director 

Naval  Coastal  Systems  Center 

Panama  City,  FL  32407 


Naval  Air  Development  Center 
ATTN:  Code  -  301  A.  Witt 
Technical  Library 
Warminster,  PA  18974 


R.S.  Allgaler,  R-45 
Naval  Surface  Weapons  Center 
Silver  Spring,  MD  20910 


Office  of  Naval  Research 
800  North  Quincy  Street 
ATTN:  Code  250 
Arlington,  VA  22217 


Office  of  Naval  Research 
800  North  Quincy  Street 
ATTN:  Code  414 
Arlington,  VA  22217 


Office  of  Naval  Research 

800  North  Quincy  Street 

ATTN:  Code  411MA  (Dr.  Stuart  L.  Brodsky) 

Arlington,  VA  22217 


Commanding  Officer 
Naval  Research  Laboratory 
ATTN:  Dr.  S.  Tel tier.  Code  1450 
Washington,  DC  20375 


Commanding  Officer 
Naval  Research  Laboratory 
ATTN:  Mrs.  D.  Folen,  Code  2627 
Washington,  DC  20375 
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Commanding  Officer 

Navel  Research  Laboratory 

ATTN:  Mr.  A.  Brodzlnsky,  Code  5200 

Washington,  DC  20375 


Naval  Research  Laboratory 
Underwater  Sound  Reference  Detachment 
Technical  Library 
P.0.  Box  8337 
Orlando,  FL  32856 
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Commanding  Officer 
Naval  Research  Laboratory 
ATTN:  Mr.  J.E.  Davey,  Code  6810 
Washington,  DC  20375 


Commanding  Officer 
Naval  Research  Laboratory 
ATTN:  Mr.  B.D.  Me Combe,  Code  6800 
Washington,  DC  20375 


Commanding  Officer 
Naval  Research  Laboratory 
ATTN:  Mr.  W.L.  Faust,  Code  6504 
Washington,  DC  20375 


Naval  Ocean  Systems  Center 
ATTN:  Dr.  P.C.  Fletcher,  Code  92 
San  Diego,  CA  92152 


Naval  Ocean  Systems  Center 
ATTN:  Mr.  W.J.  Dejka,  Code  8302 
San  Diego,  CA  92152 


Naval  Ocean  Systems  Center 

ATTN:  Dr.  Alfred  K.  Nedoluha,  Code  922 

San  Diego,  CA  92152 


Technical  Director 

Nava*  Underwater  Systems  Center 

New  London,  CT  06320 


Naval  Weapons  Center 

ATTN:  Dr.  G.H.  Winkler,  Code  381 

China  Lake,  CA  93555 


Or.  Donald  E.  Kirk  (62) 

Professor  and  Chairman,  Electrical 
Engineering 
SP-304 

Naval  Postgraduate  School 
Monterey,  CA  93940 


Dr.  D.F.  Dence 

Naval  Underwater  Systems  Center 
New  London  Laboratory 
ATTN:  Code  34 
New  London,  CT  06320 


Director,  Technology  Assessment 
Division  (OP-987) 

Office  of  the  Chief  of  Naval  Operations 
Navy  Department 
Washington,  DC  20350 


Mr.  J.W.  Willis 

Naval  Air  Systems  Command 

AIR-310 

Washington,  DC  20361 


Naval  Electronics  Systems  Command 
NC  #1 

ATTN:  Code  61R 

2511  Jefferson  Davis  Highway 

Arlington,  VA  20360 


Department  of  the  Navy 
Naval  Sea  Systems  Command 
ATTN:  W.W.  Blaine  (SEA-62R) 
Washington,  DC  20362 


David  Taylor  Naval  Ship  Research 
and  Development  Center 
ATTN:  Mr.  6.H.  Glelssner,  Code  18 
Bethesda ,  MD  20084 


Mr.  Martin  Handel  berg 
Coast  6uard  RAD  Center 
Avery  Point 
Groton,  CT  06340 


Naval  Underwater  Systems  Center 
New  London  Laboratory 
ATTN:  101E  (Dr.  Edward  S.  Eby) 
New  London,  CT  06320 


Mr.  Thomas  J.  Manuccla,  Head 
Chemistry  and  Application  Section 
Code  6543 

Naval  Research  Laboratory 
Washington,  DC  20375 


Dr.  Stephen  6.  Bishop,  Head 
Semiconductor  Branch 
Code  6870 

Naval  Research  Laboratory 
Washington ,  DC  20375 


Or.  William  F.  Gabriel 
Antenna  Systems  Staff 
Code  5342 

Naval  Research  Laboratory 
Washington,  DC  20375 


Nr.  John  W.  Rockway 
Communications  Technology  Program 
Office 
Code  8105 

Naval  Ocean  Systems  Center 
San  Diego,  CA  92152 


Dr.  Barry  P.  Shay 

Systems  Integration  and  Instrumentation 
Branch 
Code  7522 

Naval  Research  Laboratory 
Washington,  DC  20375 


Dr.  Sydney  R.  Parker 
Professor,  Electrical  Engineering 
Code  62PX 

Naval  Postgraduate  School 
Monterey,  CA  93940 


Dr.  6eorge  B.  Wright 
Office  of  Naval  Research 
Code  427 

Arlington,  VA  22217 


Dr.  Ronald  E.  Kagarlse,  Director 
Division  of  Materials  Research 
National  Science  Foundation 
1800  G  Street 
Washington,  DC  20550 


Director 

Division  of  Electrical,  Computer  and 
Systems  Engineering 
National  Science  Foundation 
Washington,  DC  20550 


Dr.  Dean  L.  Mitchell 
Section  Head 

Condensed  Matter  Sciences  Section 
Division  of  Materials  Research 
National  Science  Foundation 
1800  G  Street,  N.W. 

Washington,  DC  20550 


Judson  C.  French,  Director 
Center  for  Electronics  and  Electrical 
Engineering 

B  358  Metrology  Building 
National  Bureau  of  Standards 
Washington,  DC  20234 


-93- 


CaHtbmU 


Or.  Lester  Eastman 

School  of  Electrical  Engineering 

Cornell  University 

316  Phillips  Hall 

Ithaca,  NY  14850 


Or.  Carlton  Walter 
Electro  Science  Laboratory 
The  Ohio  State  University 
1320  Klnnear  Road 
Columbus,  OH  43212 


Dr.  Richard  Saeks 

Department  of  Electrical  Engineering 
Texas  Tech  University 
Lubbock,  TX  79409 


Director 

School  of  Electrical  Engineering 
Georgia  Institute  of  Technology 
Atlanta ,  GA  30332 


Dr.  John  F.  Walkup 

Department  of  Electrical  Engineering 
Texas  Tech  University 
Lubbock,  TX  79409 


Mrs.  Renate  D'Arcangelo 

Editorial  Office 

130  Pierce  Hall 

Division  of  Applied  Sciences 

31  Oxford  Street 

Cambridge,  MA  02138 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 


1.  REPORT  NUMBER 


2.GOVT.ACCES.  NO. 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3. RECIPIENT'S  CATALOG  NO. 


4.  TITLE  (and  Subtitle) 

A  ANNUAL  PROGRESS  REPORT  and 

REPORT  OF  SIGNIFICANT  ACCOMPLISHMENTS 
Joint  Services  Electronics  Program  (of  the) 
Edward  L.  Ginzton  Laboratory 
Stanford  Universit 


7.  AtrmOR(S)  PRINCIPAL  INVESTIGATOR:  A.  E.  SIEGMAN 
Co  Investigators:  B.A.  Auld  G.S.  Kino 
M.  R.  Beasley  R.L.  Byer 


5.  TYPE  OF  REPORT 
Technical  Progress  Report 


6 . PERFORMIN 
G.  L.  Report  No.  .'541 1 


8.  CONTRACT  OR  GRANT  NO. 

N0001 4-7 5-C -0632 


9.  PERFORMING  ORG'N  NAME  AND  ADDRESS 

'  Edward  L.  Ginzton  Laboratory 

k  Stanford  University 

Stanford  CA,  94305 


CONTROLLING  O 
Chairman.  Joint  Services  Electronics  Program 
[through)  The  Office  of  Naval  Research 
800  North  Quincy  Street 


i.Y*  VTTPdMTtWf*  a  •  1 1 1 .  WrErwA  WM 


14 .MONITORING  AGENCY  NAME  t  ADDRESS ( if  different  from  11.  above) 


16.  DISTRIBUTION  STATEMENT  (of  this  Report) 


10. PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  &  WORK  UNIT  NUMBERS 


12.  REPORT  DATE 
April  1982 


13.  NO.  OF  PAGES 


IS.  SECURITY  CLASS  (of  this  report) 


UNCLASSIFIED 


15a. DECLASSIFICATION  DOWNGRADING 
SCHEDULE 


Approved  for  public  release:  distribution  unlimited 


27.  DISTRIBUTION  STATEMENT  (of  the  Abstract  entered  in  Block  20  if  different  from  Report) 


I 


19.  KEY  WORDS  (Continue  on  reverse  side  if  necessary  and  identify  by  Block  no.) 

Superconductivity  Ultrafast  physical  phenomena  High  Temp  superconducting  circuits  SAW 

Acoustics  Weak  link  Josephson  Junctions  Nonlinear  elasticity  in  ferroic  materials  SAWFET 

Optical  Imaging  Nonlinear  Optical  Studies  Single  Crystal  Optical  Fi  hers  SQUID's 

Fas^ electronics  Time-resolved  measurements  of  lattice  properties  SNS 

Quantum  electronics  High  T  superconducting  Weak -Link  Josephson  Junctions  SSemiS 


TRACT  (Continue  on  reverse  side  if  necessary  and  Identify  by  Block  no.) 


This  report  summarizes  the  research  progress  and  activitv^on  Joint  Services  Elec!  ronics  Program 
Contract  No.  N00014-75-C-0632  for  the  perioJRl  April_l981  through  31  March  i9j;2.  Specific  Projects 
are:  (81-1)  Interaction  of  Acoustic  and  Optical  Waves  with  Domains  in  Ferroic  Fillers  with  Rulk  Materials: 
(B.A.  Auld):  (81-2)  High  T  Josephson  Junctions  &  Circuits  (M.  R.  Beasley):  (81 -3.)  Optical  &  Nonlinear  Optical 
Studies  of  Single  Crystal  libers  (R.  L.  Byer):  (81-4)  Acoustic  Surface  Wave  Scanning  of  Optical  Images. 
(G.S.  Kino):  (81-5)  Picosecond  Raman  Studies  of  Electronic  Solids  (A.  E.  Siegman  ).  .. 


or  1  NOV  65  IS 

DD  Tn  73*1473 


r.TwriTj 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 
-97- 


